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The  Federal  Coal  Management  Program 
has  been  designed  as  an  interagency 
cooperative  effort  to  meet  national 
energy  objectives. 

Cook  Mountain  Study  Area  Report  was 
prepared  through  the  efforts  of  the 
U.S.  Department  of  the  Interior, 
principally  the  Bureau  of  Land 
Management  and  Bureau  of  Reclamation, 
The  study  effort  began  in  1979  and 
was  concluded  in  1983  with  the  pub- 
lication of  this  report. 

The  area  described  in  this  report 
has  been  tentatively  determined  to 
be  a  potential  Federal  coal  develop- 
ment area.   The  purpose  of  this 


report  is  to  provide  information 
on  the  area's  reclamation  poten- 
tial, should  coal  development 
occur.   This  report  will  assist 
managers  in  making  final  Federal 
coal  leasing  decisions. 

Limited  copies  of  this  report  are 
available  from: 

Bureau  of  Land  Management 
Montana  State  Office 
222  N.  32nd  Street 
Billings,  MT  59107 

Please  reference  the  title  and 
report  number  30-79  when  making 
a  request  for  this  report  from 
the  Bureau  of  Land  Management . 
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1&.  Abstract  (Limit:  200  words)  xhe  purpose  of  this  investigation  was  to  collect  baseline  data  for  estab- 
lishing reclamation  objectives  and  lease  stipulations.   The  study  area,  located  in  south- 
eastern Montana,  lies  within  the  unglaciated  portion  of  the  Great  Plains  Physiographic 
Province.   The  area  is  generally  rolling  and  has  been  thoroughly  dissected.   Climatic  con- 
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Tongue  River  Member  of  the  Paleocene  Fort  Union  Formation.   Holocene  alluvial  deposits 
mantle  drainage  bottoms  and  a  large  upland  terrace  in  the  study  area.   Two  coalbeds,  the 
Knobloch  and  Sawyer,  were  penetrated  by  24  drill  holes  in  the  study  area.   The  Knobloch  has 
a  classified  rank  of  subbituminous  C;  the  Sawyer  is  ranked  lignite  A.   The  total  estimated 
original  resources  in  the  study  area  for  the  two  coalbeds  combined  is  367,170,000  tons. 
The  alluvial/colluvial  soils,  which  occupy  about  20  percent  of  the  study  area,  should  yield 
12  to  24  inches  of  easily  stripped  topsoiling  material  and  6  or  more  feet  of  fair  to  good 
quality  subsurface  material.   Though  they  cover  about  80  percent  of  the  study  area,  the 
residual  soils  forming  from  sandstone  or  shale  represent  a  limited  source  of  revegetative 
material  due  to  their  shallow  nature  and  the  highly  dissected  uplands  they  occupy.   Thirty- 
seven  soil  and  overburden  samples  were  stratified  in  the  greenhouse  as  to  their  comparative 
revegetation  potential. 
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INTRODUCTION 


Recent  energy  shortages  have  drawn  attention  to  the  immense  quantities  of  low 
sulfur  coal  that  lie  within  the  Rocky  Mountain  and  Northern  Great  Plains 
regions.   As  a  result,  numerous  investigations  by  the  EMRIA  (Energy  Minerals 
Rehabilitation  Inventory  and  Analysis)  program  have  been  undertaken  by  the  U.S. 
Department  of  the  Interior  in  order  to  quantify  those  coal  resources,  and  at  the 
same  time,  to  provide  sound  reclamation  guidelines  so  that  the  disturbed  lands 
are  restored  to  an  acceptable  condition. 

PURPOSE 

The  purpose  of  this  report  is  to  provide  baseline  resource  information  for 
establishing  reclamation  objectives  and  lease  requirements.   Detailed  data  is 
given  on  geology,  engineering  geology,  coal  resources,  coal  quality,  soil  and 
overburden,  and  greenhouse  investigations.   Less  detailed  information  is  provided 
on  climate  and  physiography. 

REPORT  OBJECTIVES 

1.  To  analyze  and  quantify  the  environmental  impacts  from  surface  mining  of 
coal . 

2.  To  provide  resource  and  impact  information  for  leasing  site  selection  procedures 
as  set  forth  by  the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  information  needed  to  implement  effective 
reclamation  and  rehabilitation  programs  and  for  the  development  of  meaningful 
lease  stipulations  as  required  by  the  mined  land  reclamation  program. 

4 .  To  provide  resource  and  impact  information  to  support  State  and  local 
regional  development  and  land  use  planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of  the  soil  and  bedrock  to 
support  and  maintain  vegetation  over  known  coal  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic  stipulations  may 
be  prepared  for  exploration,  mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Environmental  Impact  Statements, 
Environmental  Analysis  Records,  and  to  aid  in  the  review  of  mining  and 
reclamation  plans  for  proposed  land  disturbing  activities  in  the  vicinity  of 
the  study  area. 


AUTHORITY 

Federal  Land  Policy  and  Management  Act  of  1976  and  Surface  Mining  Control  and 
Reclamation  Act  of  1977. 

RESPONSIBILITY 

BUREAU  OF  LAND  MANAGEMENT 

1.  Selects  study  area  for  coordinated  investigations  of  climate,  geology, 
soils,  overburden,  and  coal  resources. 

2.  Acts  as  Contracting  Officer  in  the  coordination,  establishment  and  execution 
of  work  orders. 

3.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

4 .  Distributes  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  Bureau  of  Land  Management  field  offices. 

5.  Determines  postmining  land  uses. 

BUREAU  OF  RECLAMATION 

1.  Conducts  a  land  classification  for  determining  suitability  of  soil/overburden 
material  within  10  feet  of  the  surface  for  use  in  revegetation  of  the 
disturbed  area. 

2.  Maps  and  records  geology. 

3.  Arranges  for  greenhouse  investigations  to  determine  comparative  revegetation 
potential  of  predominant  soil  materials  within  the  study  area. 

4 .  Reviews  existing  resource  data  and  incorporates  pertinent  parts  into  the 
final  report. 

5.  Coordinates  assembly  and  printing  of  final  report. 

GENERAL  DESCRIPTION 

LOCATION 

The  Cook  Mountain  Study  Area  is  located  in  southeastern  Montana,  within  Rosebud 
and  Powder  River  Counties,  approximately  50  miles  south  of  Miles  City  and  about 
6  miles  northeast  of  Ashland  (Plates  1  and  2). 

The  site  is  comprised  of  4  54  9.8  acres  of  privately-owned  land  (Plates  2  and  3) 
described  as  follows: 

T.  2  S.,  R.  44  E.,  Section  24  (all) 

T.  2  S.,  R.  45  E.,  Section  18  (all) 

Section  29  (SV2) 

Section  30  (all) 

Seciton  32  (all) 
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T.  3  S.,  R.  A  5  E.,  Section  A  (WV2) 

Section  6  (all) 
Section  8  (all) 

All  coal  within  the  study  area  is  owned  by  the  Federal  Government  (Plate  3). 

PRESENT  LAND  USES 

The  Cook  Mountain  Study  Area  is  used  for  cattle  grazing  (rangeland),  timber 
production  (f orestland) ,  and  dry  land  farming  (hay).__The  area  also  provides 
valuable  habitat  for  wildlife  with  a  high  species  diversity. 

POSTMINING  LAND  USES 

Postmining  land  uses  in  the  Cook  Mountain  Study  Area  are  expected  to  be  similar 
to  the  present  uses  (rangeland,  forestland,  hayland).   Portions  of  the 
f orestland  would  be  cleared  prior  to  mining,  with  potential  conversion  to 
cropland  following  reclamation  if  the  landowner(s)  so  desires  and  the  Montana 
Department  of  State  Lands  approves  this  alternate  land  use. 


RULES  GOVERNING  MINING  AND  RECLAMATION  OPERATIONS 

In  Montana,  coal  mine  operators  must  comply  with  all  established  rules  pursuant 
to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  (1973).   These  rules 
are  presented  in  Appendix  A  of  the  "Montana  Permanent  Program"  for  regulating 
surface  and  underground  mining  activities ,±f 

The  Montana  Department  of  State  Lands  is  the  regulatory  agency  responsible  for 
administering  this  program. 


1/  The  Montana  Permanent  Program  was  approved  by  the  U.S.  Department  of  the 
Interior,  Office  of  Surface  Mining,  on  April  1,  1980. 


OBJECTIVE  OF  RECLAMATION 

Montana  law  presently  requires  the  coal  mine  operator  to  restore  all  disturbed 
areas,  "in  a  timely  manner,  either  to  conditions  capable  of  supporting  the  uses 
they  were  capable  of  supporting  before  any  mining  or  to  conditions  capable  of 
supporting  approved  alternative  land  uses.   Alternative  land  uses  may  be 
approved  by  the  Department  of  State  Lands  after  consultation  with  the  landowner 
or  the  land-management  agency  having  jurisdiction  over  the  lands  ..." 
(Rule  XVI,  5(c)  pursuant  to  "The  Montana  Strip  and  Underground  Mine  Reclamation 
Act"  -  Montana  Permanent  Program). 

Unless  an  alternative  postraining  land  use  is  desired  by  the  landowner(s)  and 
approved  by  the  Montana  Department  of  State  Lands,  the  main  objective  of  reclama- 
tion in  the  Cook  Mountain  Study  Area  would  be  to  establish  a  diverse  vegetative 
cover  with  an  interspersion  of  vegetative  types  over  the  reclaimed  land  capable 
of  supporting  livestock  and  wildlife.   The  integrity  of  the  visual  resource 
should  be  maintained. 


physical  profile 
climate!/ 

The  Cook  Mountain  Study  Area  has  a  continental-type  climate  characterized  by 
cold  winters,  warm  summers,  and  large  variations  in  seasonal  precipitation. 

Precipitation 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  rise  and  precipitate 
their  moisture,  primarily  on  the  windward  slopes.   The  air  masses  then  warm  and 
dry  as  they  descend  the  leeward  slopes.   As  a  result,  a  "rain  shadow"  is  created 
over  the  eastern  Montana  counties.   The  average  annual  precipitation  in  these 
counties  is  about  13  inches. 

The  Broadus  weather  station  (about  35  miles  southeast  of  the  study  area)  at  elevation 
3030  feet  receives  13.8  inches  of  average  annual  precipitation;  and  Birney 
(about  28  miles  southwest  of  the  study  area),  at  elevation  3190  feet,  receives 
13.7  inches  in  an  average  year. A' 

The  following  mean  monthly  and  annual  precipitation  values  were  recorded  at 
Broadus  between  1937  and  1961: 

Month 

Jan   Feb   Mar   Apr   May   June   July  Aug   Sept   Oct    Nov   Dec   Annual 

(Inches) 

.50    .46    .80   1.24   2.24   3.11   1.39   1.04   1.05   .88    .67    .4  3    13.8 

Approximately  73  percent  of  the  average  annual  precipitation  falls  between  April 
and  September.   May  and  June  are  commonly  the  wettest  months,  receiving  about 
39  percent  of  the  yearly  average. 

Snowfall  is  most  common  between  October  and  late  April.   However,  small  amounts 
(0.5  inches  or  less)  have  been  recorded  in  May,  June,  and  September.   Although  a 
continuous  snow  cover  is  not  common  in  this  area,  the  total  moisture  provided  by 
snowfall  may  comprise  as  much  as  23  percent  of  the  annual  precipitation  in  an 
average  year. 

Thunderstorms  and  occasional  hailstorms,  most  common  in  July  and  August,  are 
caused  by  local  convective  heating.   A  semipermanent  low  pressure  area  in  the 
southwestern  United  States  results  in  a  flow  of  unstable  air  into  the  area, 
contributing  to  this  phenomenon.   Damage  to  range  plants  from  hail  and  heavy 
rainfall  is  usually  minimal.   However,  the  more  intense  storms  may  cause  severe 
soil  erosion,  especially  in  steeply  sloping  and  sparsely  vegetated  areas. 

Temperature 

Based  on  data  recorded  at  Broadus  Between  1937  and  1961,  temperature  extremes  of 
108° F  in  summer  and  -4  2°F  in  winter  may  occur  in  this  area. 


1/  Data  from  Soil  Survey  of  Powder  River  Area,  Montana,  Soil  Conservation 

Service,  1971. 
2/  Elevations  range  from  about  3000  to  3415  feet  in  the  study  area. 


Generally,  less  than  30  days  a  year  have  a  maximum  temperature  over  80°F  and 
20  days  or  less  have  a  minimum  temperature  below  0°F. 

The  following  mean  monthly  and  annual  temperatures  were  recorded  at  Broadus 
(1937-1961): 

Month  (°F) 

Jan   Feb   Mar   Apr   May   June   July  Aug   Sept   Oct    Nov   Dec   Annual 

18.9   23.5   31.6  44.4   54.8   62.8   71.6   70.1   58.6  47.8   32.2   24.0   45.1 

The  frost-free  period  (>32°F)  ranges  from  108  days  at  Birney  to  about  120  days 
at  Broadus.   The  growing  season  for  hardy  grasses  (>28°F)  in  average  years 
begins  May  10  at  Birney  and  ends  131  days  later  on  September  19.   Following  the 
spring  rains,  July  is  hot,  dry,  and  windy  with  excessive  evaporation  and  evapo- 
transpiration  rates.   Humidity  is  low.   Growth  of  native  range  vegetation  is 
rapid  during  May  and  June.   By  mid- July,  however,  the  available  soil  moisture  is 
usually  depleted  and  the  plants  mature  or  become  dormant. 

Effect  of  Climate  on  Revegetation 

Climate  will  be  an  important  controlling  factor  for  revegetation  in  the  Cook 
Mountain  Study  Area.   In  most  years,  the  spring  rains  are  adequate  for 
establishing  good  stands  of  native  vegetation.   The  average  annual  precipita- 
tion, about  13.7  inches,  meets  the  requirements  for  native  range  plants,  which 
grow  rapidly  in  late  spring  and  early  summer.   Consumptive  use  data  in  Table  1A 
indicate  that  native  grasses  could  utilize  about  22.5  inches  of  moisture  if 
available;  however,  13.9  inches,  or  the  approximate  annual  average,  are 
generally  used  by  July  15.   At  this  time,  plant  maturation  or  dormancy  occurs. 

Several  hazardous  climate  factors  that  could  adversely  affect  revegetation 
efforts  in  this  study  area  should  be  recognized.   These  include:   (1)  below  nor- 
mal or  uneven  distribution  of  precipitation,  especially  during  the  growing 
season;  (2)  intense  thunderstorms  or  hailstorms  that  damage  vegetation  or  cause 
soil  erosion;  (3)  late  spring  freezes,  and  (4)  depletion  of  soil  moisture  by 
wind.   More  detailed  onsite  data  collection  will  be  necessary  prior  to  mining  to 
more  accurately  determine  probabilities  of  occurrence  of  these  factors.   This 
data  can  then  be  used  to  select  best  possible  seeding  times  for  revegetation. 


PHYSIOGRAPHY 


The  Cook.  Mountain  Study  Area  lies  in  the  unglaciated  Missouri  Plateau  section  of 
Great  Plains  Physiographic  Province.   The  area  is  generally  rolling  and  has  been 
thoroughly  dissected.   Several  prominent  buttes,  often  capped  by  resistant 
clinker,  rise  above  the  divides  which  generally  trend  in  a  west-northwesterly 
direction  through  the  study  area.   Maximum  relief  in  the  study  area  is  A 1 5 
feet,  with  elevations  ranging  from  3415  feet  in  the  uplands  in  Section  A ,  T.  3  S., 
R.   4  5  E.  to  3000  feet  in  the  Cook  Creek  drainage  bottom  in  Section  6,  T.  3  S. ,  R. 
45  E. 

The  study  area  is  located  between  Colbert  Coulee  to  the  north  and  Otter  Creek  to 
the  south.   The  study  area  itself  is  dissected  by  Double  E  Coulee  and  Cook 
Creek.   All  of  these  creeks  are  intermittent,  with  the  exception  of  Otter  Creek, 
and  flow  in  a  westward  direction  to  the  Tongue  River  located  approximately  1 
mile  west  of  the  area.   Drainages  within  the  study  area  are  deeply  incised  into 
shales,  sandstones,  and  coalbeds  of  the  Paleocene  Fort  Union  Formation.   A 
topographic  map  of  the  area  is  shown  on  Plate  2. 
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GEOLOGY 
Regional  Geology 


The  Cook  Mountain  Study  Area  lies  in  the  northern  part  of  the  Powder  River  Basin 
in  southeastern  Montana.   This  basin,  a  part  of  the  unglaciated  portion  of  the 
Great  Plains  Physiographic  Province,  is  about  225  miles  long,  extending  from  the 
Yellowstone  River  in  Montana  to  the  North  Platte  River  in  Wyoming.   It  is  about 
90  miles  in  width,  bounded  on  the  west  by  the  Bighorn  Mountains  and  on  the  east 
by  the  Black  Hills.   Structurally,  the  basin  is  an  asymmetrical  syncline  with  a 
northwestward  trending  axis.   An  estimated  18,000  feet  of  sediments  overlie  the 
basement  complex  in  the  deepest  part  of  the  basin  north  of  Glenrock,  Wyoming. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods  of 
deposition,  deformation,  and  erosion.   During  the  Paleozoic  and  Mesozoic  Eras,  a 
sequence  of  carbonates,  sandstones,  and  shales  was  deposited  throughout  Montana 
and  Wyoming.   Thickness  of  these  sediments  on  the  west  side  of  the  basin  varies 
from  9,000  feet  near  Yellowtail  Dam  to  11,500  feet  near  Buffalo,  Wyoming.   About 
6,500  feet  of  Paleozoic  and  Mesozoic  sediments  are  present  in  the  Black  Hills 
area  on  the  east  side  of  the  basin. 

The  area  was  relatively  stable  during  these  periods  with  deposition  usually 
occuring  in  a  marine  environment.   Deformation  of  strata  began  with  the  Laramide 
Revolution  near  the  close  of  the  Mesozoic  Era  (Late  Cretaceous),  at  which  time 
mountain  masses  such  as  the  Bighorns  and  Black  Hills  were  uplifted.   Uplift  con- 
tinued throughout  the  Paleocene  and  gradually  ended  in  Eocene  Time.   Materials 
stripped  from  the  mountains  were  deposited  in  fans  or  sheets  across  the  basin 
floors,  gradually  burying  the  flanks  of  the  mountains  in  their  own  debris.   By 
the  middle  of  the  Cenozoic  Era,  the  basins  were  largely  filled  and  the  mountains 
peneplained.   In  Pliocene  time,  a  broad  regional  uplift  occurred  and  continued 
intermittently  into  Pleistocene  time.   This  uplift  raised  the  previously  deve- 
loped peneplain  surface  to  elevations  of  about  10,000  feet  in  the  Bighorn 
Mountains.   Streams  rejuvenated  by  the  uplift  excavated  the  basins  and  exhumed 
the  buried  mountain  masses. 

Today,  Precambrian  rocks  are  exposed  in  the  cores  of  the  Black  Hills  and 
Bighorn  Mountains.   These  rocks  are  surrounded  by  sediments  of  Paleozoic  and 
Mesozoic  Age.   The  central  part  of  the  basin  is  filled  with  Cenozoic  (Tertiary) 
sediments.   A  generalized  regional  geologic  map  is  shown  on  Plate  4. 

Area  Geology 

Investigations 

All  of  the  area  involved  in  the  Cook  Mountain  Study  Area  has  been  mapped  by  the 
U.S.  Geological  Survey  and  the  Montana  Bureau  of  Mines  and  Geology. 
Publications  covering  these  investigations  are  listed  in  the  bibliography. 

Logs  of  drill  holes  used  to  gather  information  for  this  report  were  obtained 
from  several  sources.   Sixteen  drill  holes  ranging  from  120  to  34  0  feet  in  depth 
were  completed  during  June  and  July  of  1978  by  Intrasearch,  Inc.  of  Billings, 
Montana.   Five  U.S.  Geological  Survey  drill  holes  ranging  from  92  to  313  feet  in 
depth  were  completed  in  July  1979.   In  addition,  information  from  three  Montana 
Bureau  of  Mines  and  Geology  drill  holes  (Matson  and  Blumer,  1973)  ranging  from 


186  to  230  feet  in  depth  was  also  used.   The  locations  of  these  drill  holes  are 
shown  on  the  Geologic  and  Investigations  Map,  Plate  6.   Geologic  cross  sections, 
correlating  coalbeds,  are  shown  on  Plates  7  and  8.   Detailed  geologic  logs  for 
selected  drill  holes  in  the  area  are  listed  on  Plates  9  through  2k    in  Appendix  B. 

Detailed  geologic  mapping  on  a  scale  of  1  to  2k  ,000  was  completed  on  a 
topographic  map  and  is  shown  on  Plate  6.   Although  geologic  mapping  was 
completed  for  all  sections  as  shown  on  Plate  6,  coal  resources  were  evaluated 
only  for  those  sections,  or  portions  of  sections,  defined  as  the  study  area  on 
the  Location  and  Land  Ownership  Map,  Plate  2.   A  discussion  of  area  geology  will 
include  information  gained  from  all  sections  mapped,  as  shown  on  Plate  6. 
Plate  5  shows  a  generalized  stratigraphic  column  of  coalbeds  mapped  or 
penetrated  by  drilling. 

Stratigraphy 

Sedimentary  rocks  exposed  in  the  study  area  range  from  the  coal  bearing  Fort 
Union  Formation  of  Paleocene  Age  to  alluvial  deposits  of  Holocene  Age  which 
mantle  valley  floors  of  the  major  tributaries. 

Paleocene  Series 


The  Fort  Union  Formation  consists  of  three  lithologic  units  which  include,  from 
bottom  to  top,  the  Tullock,  Lebo  Shale  and  Tongue  River  Members.   Only  the 
Tongue  River  Member  will  be  discussed  in  this  report  as  the  lower  members  were 
not  penetrated  by  drilling,  nor  do  they  outcrop  within  the  study  area. 

The  Tongue  River  Member  consists  of  an  alternating  sequence  of  sandstone, 
siltstone,  shale,  carbonaceous  shale  and  coal  with  thin  calcareous  or  siliceous 
cemented  concretions.   In  general,  the  sandstones  are  fine  grained  and  unce- 
mented  except  for  lenticular,  concretionary  masses  of  small  lateral  extent. 
Shales  vary  from  soft,  plastic  clayshale  to  moderately  indurated  claystone.   The 
shale  and  siltstone  zones  break  down  readily  and  form  slopes  below  sandstone 
ledges.   Correlation  of  clastic  sediments  over  short  distances  is  difficult  due 
to  facies  changes,  channeling,  and  variation  in  bedding  thickness.   Laboratory 
analyses  conducted  on  core  samples  from  other  study  areas  indicate  that  chemical 
and  physical  properties  of  the  bedrock  cannot  accurately  be  projected  between 
drill  holes.   Weathered  exposures  are  pale  olive  or  yellowish  gray  in  color, 
while  fresh  core  samples  vary  from  light  to  dark  gray.   The  Tongue  River  sediments 
were  deposited  in  a  continental  environment  which  included  swamps  conducive  to 
the  production  of  thick  coalbeds.   Coal  and  carbonaceous  zones  serve  as 
excellent  marker  beds  as  they  can  generally  be  traced  laterally  over  great 
distances.   The  Tongue  River  Member  has  a  total  thickness  in  the  Ashland 
Coalfield  ranging  from  1,150  feet  in  the  east,  to  1,600  feet  in  the  west. 
Drilling  at  the  Cook  Mountain  Study  Area  penetrated  the  upper  580  feet  of  the 
Tongue  River  Member. 

Holocene  Series 


Alluvial  deposits  consisting  of  clay,  silt,  sand  and  gravel  cover  bedrock  to 
depths  of  30  feet  along  valley  floors  in  the  study  area  (Plate  6).   Gravels  are 
generally  composed  of  hard  shale,  sandstone  or  clinker  fragments. 
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Plate    5 


STRATIGRAPHIC    COLUMN  -  COALBEDS   OF  THE  COOK   MOUNTAIN    STUDY    AREA 

ASHLAND    COALFIELD,    MONTANA 
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GARFIELD    COALBED  -  Caps  highest  (clinker) 
peak  in  Ashland  coalfield. 


FERRY  COALBED-  3  to  7.6  feet  thick 


(F   COALBED  of    U.S.G.S.    Bull.  831 -B.) 


LOWER   COOK  COALBED  -  5  to  12  feet    thick. 


UPPER     E     COALBED  -    2.5   up  to  16  feet  thick. 


C  and   D    COALBEDS  -  3  to  6  feet  thick. 

C   COALBED   contains   abundance  of  carbonized 
tree  remains  (little   economic  importance). 


SAWYER   COALBED  -  10  to  14  feet  thick. 


LOCAL  COALBED  -  Up  to  4  feet    thick.    Often 

present  as  coal   stringers  (especially    to  south). 
(Leebed(P)of  U.S.G.S.   Bull.  831 -B.) 


KNOBLOCH    COALBED-  46*  to  59'   thick  (Averages 
53*  thick).   Thins  northward.   Splits  up  to  3.3' 
thick  in  isolated  locations  approximately   6  feet 
below  top  of  coal  bed. 


FLOWERS -GOODALE  COALBED  -  81    feet  thick. 


NOTE:    Multiply    feet  by  0.3048    to  obtain    meters. 
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Clinker 

One  striking  feature  of  the  Fort  Union  Formation  is  the  resistant  clinker  zones, 
locally  called  "scoria,"  that  cap  ridges  and  buttes  or  armor  valley  walls.   The 
clinker,  which  is  fused  or  baked  rock,  was  produced  by  the  burning  of  coalbeds 
along  and  back  from  the  outcrops.   In  places  where  the  heat  was  sufficiently 
intense,  the  clinker  has  been  fused  to  a  dark  gray,  lightweight  rock  similar  in 
appearance  to  vesicular  basalt.   Near  the  outer  edge  of  thermal  metamorphism, 
the  rock  is  disoriented,  baked,  and  red  to  orange  in  color.   Alteration  of  the 
overlying  material  is  roughly  proportional  to  the  original  thickness  of  coal 
that  has  burned.   A  coalbed  30  feet  thick  will  produce  clinker  zones  50  to 
75  feet  thick.   The  clinker  is  highly  permeable  and  locally  supplies  water  for 
springs  and  wells.   The  two  main  clinker  zones  present  in  the  study  area  were 
produced  by  burning  of  the  Knobloch  and  Sawyer  Coalbeds.   Outcrops  of  the 
Knobloch  clinker  zone  occur  mostly  along  valley  walls,  while  the  Sawyer  clinker 
characteristically  caps  buttes  and  ridges  within  the  area.   About  20  percent  of 
the  Knobloch  and  80  percent  of  the  Sawyer  Coalbeds  have  been  removed  either  by 
erosion  or  burning  from  the  study  area,  Plate  6. 

In  addition  to  the  Knobloch  and  Sawyer  clinker  zones,  five  relatively  thin 
coalbeds  outcropping  in  the  northeastern  portion  of  the  mapped  area  have  pro- 
duced thin  clinker  zones.   The  location  of  the  clinkered  areas  are  shown  on  the 
Geologic  and  Investigations  Map,  Plate  6.   Subsurface  investigations  have  shown 
that  not  all  coal  has  burned  beneath  clinkered  areas.   An  extensive  drilling 
program  would  be  required  to  locate  and  delineate  any  such  deposit.   For  the 
purpose  of  this  report,  the  contact  between  baked  and  unbaked  rock  is  assumed  to 
be  vertical  and  that  all  coal  underlying  clinker  has  burned. 

Coalbeds 

Nine  persistent  coalbeds  crop  out  or  were  penetrated  by  drilling  in  the  vicinity 
of  the  Cook  Mountain  Study  Area.   Descriptions  of  these  beds  are  found  on  the 
generalized  stratigraphic  column,  Plate  5.   Seven  beds,  the  Knobloch,  Sawyer,  C 
and  D  Coalbeds,  Upper  E,  Lower  Cook,  Ferry,  and  Garfield,  were  mapped  in  the 
study  area  as  shown  on  the  Geologic  and  Investigations  Map,  Plate  6.   Only  two 
beds,  the  Knobloch  and  Sawyer,  which  occur  beneath  the  area  generally  within 
250  feet  of  the  surface,  are  discussed  in  this  report  with  respect  to  economic 
significance. 

The  Knobloch  Coalbed  averages  approximately  53  feet  thick  in  the  study  area, 
ranging  from  59  feet  thick  in  the  south,  to  4 6  feet  thick  in  the  north. 
Overburden  thicknesses  over  unclinkered  Knobloch  range  from  about  10  feet  in 
Section  19 ,  T.  2  S. ,  R.  4  5  E. ,  to  an  extreme  of  over  950  feet  in  Section  16, 
T.  2  S.,  R.  4  5  E.   Contours  showing  depths  to  the  top  of  the  Knobloch  Coalbed 
and  thicknesses  of  overburden  are  plotted  on  the  Overburden  Thickness  Map, 
Plate  25.   Although  the  Knobloch  Coalbed  is  known  to  split  into  an  Upper,  Middle 
and  Lower  bench  in  various  locations,  only  three  drill  holes  encountered  splits 
in  the  Knobloch  within  the  study  area;  see  Plates  5,  7  and  8,  and  the  geologic 
logs,  Plates  9  through  24,  for  details. 

The  Sawyer  Coalbed  averages  about  14  feet  thick  in  the  study  area.   The  stra- 
tigraphic interval  between  the  bottom  of  the  Sawyer  and  top  of  the  Knobloch  beds 
ranges  from  160  feet  to  slightly  over  200  feet.   Overburden  thicknesses  over 
unclinkered  Sawyer  range  from  near  0  feet  in  Sections  31  and  32,  T.  2  S. ,  R.  45 
E.,  to  over  750  feet  in  Section  16 ,  T.  2  S. ,  R.  4 5  E.   Structure  contours  on  the 
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top  of  the  Sawyer  and  overburden  thickness  contours  indicating  the  depth  to  coal 
are  shown  on  Plate  26.   As  with  the  Knobloch  Coalbed,  the  Sawyer  is  known  to 
split  in  various  locations,  however,  no  drill  holes  within  the  study  area 
encountered  any  splits  in  the  Sawyer  Coalbed. 

Structure 

The  study  area  is  located  in  the  northern  part  of  the  Powder  River  Basin. 
Regional  dips  are  toward  the  southwest  away  from  the  Miles  City  Arch  at  about 
25  feet  per  mile.   The  chief  structural  features  in  the  region  are  the  broad, 
northeastward  plunging  Tongue  River  Syncline,  whose  axis  follows  the  Tongue 
River  Valley,  and  a  northwestward  trending  unnamed  syncline,  whose  axis  passes 
about  2  miles  south  of  Ashland.   Minor  faulting  has  also  been  noted  in  the 
region.   Approximately  10  miles  to  the  northwest,  normal  faults  trending  nearly 
parallel  to  the  Lake  Basin  fault  zone  have  been  observed  with  throws  up  to 
75  feet.   Small  local  faults  have  also  been  encountered  in  core  material  from 
the  EMRIA  Shy/6  Study  Site,  located  approximately  7  miles  to  the  south.   These 
faults  are  generally  restricted  to  weak,  plastic  carbonaceous  shales  immediately 
above  or  below  coalbeds.   Displacements  could  not  be  determined,  but  probably  do 
not  exceed  5  feet. 

Structure  contours  drawn  on  the  top  of  the  Knobloch  and  Sawyer  Coalbeds  (Plates 
25  and  26)  show  an  average  dip  of  17  feet  per  mile  to  the  southwest.   These  con- 
tours were  prepared  using  information  obtained  from  the  drill  holes  described 
previously  and  from  outcrops  of  coalbeds  and  clinker.   Minor  folds  and  flexures 
are  apparent  throughout  the  study  area,  as  well  as  small  structural  domes  and 
basins.   In  general,  there  is  a  close  correlation  of  structures  within  the 
Knobloch  and  Sawyer  Coalbeds  throughout  the  study  area.   These  minor  features 
could  be  the  result  of  differential  compaction  of  underlying  and  adjacent 
strata.   Other  local  structural  features  which  do  not  continue  with  depth  may  be 
depositional  rather  than  def ormational  features.   Although  no  direct  evidence  of 
faulting  was  encountered  within  the  study  area,  minor  faults  should  be  antici- 
pated due  to  readjustment  from  coalbed  compaction. 

Paleontology 

Occasional  poorly  silicified  tree  fragments  and  pieces  of  unidentified 
calcareous  shells  were  found  on  the  surface  area.   However,  nothing  of  signifi- 
cance was  observed.   Significant  paleontological  sites  were  not  located  during 
the  mapping  of  the  area. 

Engineering  Geology 

Slope  Stability 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the  Cook 
Mountain  Study  Area.   However,  physical  properties  of  these  sediments  should  be 
similar  to  the  results  obtained  by  the  U.S.  Geological  Survey  for  Fort  Union 
samples  at  the  Otter  Creek  Study  Site  (EMRIA  Report  No.  1). 

Shear  strengths  of  the  material  are  low,  especially  in  a  saturated  condition. 
Slides  could  easily  develop  adjacent  to  high  walls  in  surface  mines,  especially 
along  beds  of  weak,  plastic,  carbonaceous  shales  which  are  typically  cut  by 
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inherent  slickensides .   Adequate  drainage  should  be  maintained  to  relieve  pore 
water  pressures  in  the  overburden  as  mine  excavations  progress. 

Saturated  alluvial  deposits  and  uncemented  siltstones  and  fine  grained  sandstones 
will  readily  erode  and  flow  into  excavations.   This  problem  was  encountered  in 
drilling  other  sites  when  the  walls  of  holes  collapsed  and  sloughed.   Depth  of 
excavation  below  the  water  table  will  be  limited  until  these  materials  are 
unwatered . 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be  dependent 

on  exposure  time,  moisture  conditions,  material  types^and  depth  of  cut. 

Detailed  engineering  studies  of  the  overburden  will  be  required  at  each  location 
for  use  in  determination  of  slopes. 

Studies  conducted  at  the  Otter  Creek  Site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  A  to  1  with  berms  of 
50  to  100  feet  wide  designed  on  the  slope  surface. 

Overburden  Expansion 

The  degree  to  which  the  topography  wil  be  altered  during  surface  mining  depends 
upon  many  things  -  the  most  important  being  the  (1)  depth  and  thickness  of  coal 
being  mined,  (2)  manner  in  which  the  spoil  is  returned  to  the  pit,  and  (3) 
moisture  content  of  the  overburden.   Overburden  expands  as  the  materials  are 
broken  up  during  mining  and  an  increase  in  void  space  occurs.   The  increase  in 
volume  (bulking)  differs  for  various  types  of  soil  and  rock.   Soft  sandstones 
and  shales  in  the  Fort  Union  Formation  will  expand  about  25  percent.   In  some 
cases,  the  surface  of  the  replaced  overburden  may  actually  be  higher  in  elevation 
after  mining. 

Table  1  shows  the  anticipated  change  in  topography  that  would  occur  in  the  study 
area  at  selected  drill  holes  if  the  Knobloch  and  Sawyer  Coalbeds  are  surface 
mined.   This  assumes  that,  (1)  stripping  would  occur  to  depths  of  298  feet,  (2) 
100  percent  of  the  coal  would  be  removed,  (3)  overburden  is  replaced  on  a  cut- 
by-cut  basis,  (A)  spoils  are  smoothly  graded,  and  (5)  overburden  expands  25  percent 

Instability  of  the  Postmining  Landscape!.' 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains  -  they  are:   (1)  areawide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables  in 
the  postmining  landscape.   These  include  physical  and  chemical  characteristics 
of  the  overburden,  methods  and  equipment  used  in  stripping  and  contouring  opera- 
tions, and  the  season  when  these  activities  occur.   One  or  more  of  these  types 
of  instability  may  occur  in  the  Cook  Mountain  Study  Area. 

Areawide  settling  is  common  in  most  postmining  landscapes,  but  appears  to  cause 
only  minimal  disruption.   This  settlement  will  generally  be  most  pronounced 
during  the  first  year  and  will  continue  at  a  decreasing  rate  with  the 
progression  of  time. 


U   Groenewold,  G.H.,  and  Rehm,  B.W.,  1980. 


13 


The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement.   Fine- 
textured  (clayey)  overburden  usually  results  in  more  blocky  and,  initially,  more 
porous  spoils  than  does  coarse  textured  (sandy)  overburden.   Therefore,  a  lesser 
degree  of  settlement  is  expected  in  areas  of  largely  sandy  spoils  than  in  areas 
of  clayey  spoils. 

Equipment  is  also  a  critical  factor.   Settlement  is  significantly  less  in 
scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if  contouring 
is  conducted  in  mid-winter.   This  is  because  a  greater  degree  of  compaction  is 
achieved  in  scraper-contouring  operations  than  in  dozer-contouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete 
development  within  a  year.   They  commonly  occur  in  precontouring  valley  areas 
where  frozen  spoil  blocks  were  concentrated  by  final,  mid-winter  dozer  con- 
touring.  Thawing  of  these  blocks  results  in  local  surface  subsidence.   In 
contrast,  areas  contoured  in  mid-winter  with  a  scraper  are  stable  because  large 
blocks  of  frozen  spoil  are  broken  apart,  spread,  and  compacted.   This  type  of 
landscape  instability  is,  therefore,  largely  equipment  and  seasonally 
controlled. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining  landscapes. 
Development  usually  begins  soon  after  contouring  and  may  continue  for  several 
years.   In  some  postmining  landscapes,  piping  has  only  started  to  develop  after 
as  much  as  5  years  of  apparent  stability.   It  is  controlled  by  a  combination  of 
physical  and  chemical  conditions  in  the  spoil. 

A  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils  in 
areas  containing  highly  dispersive  sodic  material.   These  cracks  allow  access 
for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface.   Piping 
generally  develops  on  nearly  flat  slopes  where  surface  runoff  is  minimal  and 
infiltration  is  maximized. 

Piping,  like  the  other  instability  problems,  most  commonly  develops  in  areas 
contoured  by  dozers.   Scraper  contoured  areas  generally  are  better  compacted, 
thus  providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 

Weathering  Tests 

Weathering  tests  were  not  conducted  on  core  samples  collected  from  the  Cook 
Mountain  Study  Area;  however,  results  from  tests  conducted  on  samples  from  the 
Otter  Creek  Study  Site,  located  approximately  7  miles  to  the  southeast,  indi- 
cated that  the  freezing-thawing  condition  generally  caused  more  weathering  or 
breakdown  than  wetting-drying.   Of  the  17  samples  tested,  only  4  (24  percent) 
exhibited  sufficient  breakdown  to  attain  the  texture  required  for  topsoil,  that 
is,  30  percent  by  weight  of  the  soil  passing  the  No.  10  screen.   In  the  field, 
however,  these  materials,  primarily  shales,  will  probably  weather  at  different 
rates,  and  thus  will  require  various  methods  of  handling,  storing,  and  processing 
before  they  are  suitable  for  use  as  topsoil  in  revegetation. 

Seismic  Hazard 

The  Yellowstone  Park  area  is  the  most  active  seismic  region  within  300  miles  of 
the  Cook  Mountain  Study  Area.  The  largest  earthquake  (7.1  Richter)  recorded  in 
this  area  occurred  at  Hebgen  Lake,  Montana,  on  August  17,  1959,  a  distance  of 
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59 

224 

-14 

7 

284 

70 

268 

-16 

8 

81 

27+ 

68 

-13 

244  24-1 

225 

48 

221 

-  4 

24  518-2C 

198 

44 

193 

-    5 

24  530-2C 

177 

50 

159 

-18 

24  530-3W 

209 

53 

195 

-14 

24  532-1 

294 

59 

294 

0 

24  532-2 

298 

71 

284 

-14 

34  54-1 

275 

53 

278 

+  3 

34  56-1 

233 

57 

220 

-13 

34  58-1W 

224 

54 

213 

-11 

34  58-2W 

217 

54 

204 

-13 

34  58-3C 

241 

56 

231 

-10 

SH7071 

190 

54 

170 

-20 

SH7073 

200 

46 

193 

-   7 

(1)  Base  of  Knobloch  Coalbed 

(2)  Includes  100  percent  of  Knobloch  and  Sawyer  Coalbeds 

(3)  Overburden  x  1.25  (bulking  factor)  =  Replaced  Overburden 

(4)  Multiply  feet  by  0.304  8  to  obtain  meters 


253  miles  from  the  study  site.   Although  considerable  damage  occurred  near  the 
epicenter,  the  quake  was  not  readily  noticed  in  the  Powder  River  Basin.   Forty- 
five  earthquakes  of  moderate  intensity  (V  to  VII  on  the  Modified  Mercalli 
Intensity  Scale)  have  occurred  in  Wyoming  since  1894  .   Most  of  these  have  been 
centered  in  the  northwestern  part  of  the  State.   Between  1900  and  the  end  of 
1970,  there  were  113  earthquakes  of  Intensity  V  MM  or  greater  reported  in 
Montana.   The  majority  of  these  quakes  occurred  in  the  southwestern  part  of  the 
State. 

The  Cook  Mountain  Study  Area  is  located  in  the  Algermisson  Seismic  Risk  Zone  1 
in  which  minor  damage  could  result  to  structures  from  Intensity  V  to  VI 
(Modified  Mercalli  Intensity  Scale)  earthquake  shocks.   Earthquakes  with  inten- 
sities of  V  MM  or  greater  that  have  occurred  during  historic  times  within 
200  miles  of  the  site  are  listed  below: 


Date 

June  25,  1894 
October  11,  1895 
November  14 ,  1897 
November  17,  1925 
February  13,  1928 
November  16,  1928 
June  26,  1966 


Intensity 

Distance  From 

(Modified  Merca 

illi) 

Cook  Mountain 

V 

190  miles 

IV-V  (2) 

188 

VI -VI I 

190 

V 

82 

V 

176 

V 

185 

VI 

193 

Located  Near 

Casper,  WY 

Hill  City-Keystone,  SD 

Casper,  WY 

Bighorn,  WY 

Thermopolis,  WY 

Custer,  SD 

Rapid  City,  SD 
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COAL  RESOURCES 

Estimation  of  Coal  Resources 

Coal  resource  estimates  have  been  prepared  for  the  Knobloch  and  Sawyer  Coalbeds 
of  the  Paleocene  Fort  Union  Formation  within  the  Cook  Mountain  Study  Area,  using 
standard  procedures.   This  report  provides  all  pertinent  geologic  information 
for  the  entire  area  shown  on  Plates  6,  25  and  26;  however,  coal  resource  estimates 
have  been  computed  for  only  those  sections,  or  portions  of  sections,  designated  as 
the  Cook  Mountain  Study  Area  as  defined  on  the  Location  and  Land  Ownership  Map, 
Plate  2.   These  sections  are: 

T.  2  S.,  R.  44  E.,  Section  24  (all) 

T.  2  S.,  R.  45  E.,  Section  18  (all) 

Section  29  (SV2) 

Section  30  (all) 

Section  32  (all) 

T.  3  S.,  R.  4  5  E.,  Section  4  (WV2) 

Section  6  (all) 
Section  8  (all) 

The  term  "coal  resources"  is  defined  as  the  estimated  quantity  of  coal  that  is 
currently  or  potentially  economically  mineable. 

Coal  Analyses 

Several  variables  are  used  to  determine  the  quality  and  quantity  of  coal  resources 
These  variables  include  the  rank  and  weight  of  the  coal,  the  thickness  of  the 
coal  deposit,  and  the  thickness  of  the  overburden. 

Rank  and  Weight 

Tables  2  and  3  provide  summaries  of  coal  analyses  for  the  Knobloch  and  Sawyer 
Coalbeds,  respectively.   The  Montana  Bureau  of  Mines  and  Geology  analyzed  the 
Knobloch  Coalbed  in  one  drill  hole  (SH-7071)  within  the  Cook  Mountain  Study 
Area.   Analyses  for  the  Knobloch  from  past  EMRIA  study  areas  completed  along  the 
Otter  Creek  Valley  are  also  shown  in  Table  2.   The  results  indicate  that  the 
Knobloch  has  a  heating  value  of  8,666  Btu  (as  received)  within  the  study  area 
(average  Btu  of  Knobloch  from  nearby  EMRIA  studies  is  8,34  0).   The  ash  and 
sulfur  contents  as  received  are  4.7  and  0.12  percent  (5.5  and  0.22  percent  for 
nearby  EMRIA  studies),  respectively.   This  indicates  that  the  rank  of  the 
Knobloch  coal  is  subbituminous  C. 

The  average  as  received  ash  and  sulfur  contents  of  the  Sawyer  Coalbed  from 
samples  collected  in  the  Ashland  Coalfield  are  4.9  and  0.44  percent,  respec- 
tively.  The  average  heating  value  (as  received)  for  the  Sawyer  is  7,894  Btu. 
This  value  lies  slightly  below  the  dividing  value  between  lignite  A  and  sub- 
bituminous  C  coals,  hence,  the  Sawyer  coal  in  the  Cook  Mountain  Study  Area  has 
been  designated  a  rank  of  lignite  A  for  purposes  of  calculating  resources. 

The  average  weight  of  subbituminous  C  and  lignite  A  coal  is  1,770  tons  per  acre- 
foot,  or  a  specific  gravity  of  1.30. 
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Table  2 


Summary  of  Coal  Analyses 
Knobloch  Coalbed 


LOCATION 

PROXIMATE  ANALYSIS  (as 
%        %         % 
Moisture    Ash      Sulfui 

rec'd.) 
Btu 
Per  Pound 

RANK 

COOK  MOUNTAIN 
STUDY  AREA 

^r 

SH-7071 

Sec.  8,  T.  3  S. ,  R.  45  E. 

27.32 

4.7 

0.12 

8,666 

Subbituminous 

C 

OTHER  EMRIA  STUDY  AREAS 
ALONG  OTTER  CREEK 

Otter  Creek  — 

30.03 

5.5 

0.15 

8,110 

Lignite  A 

SHY/ 6  -1 

28.04 

6.3 

0.23 

8,485 

Subbituminous 

c 

Newel 1/28  -' 

26.39 

5.4 

0.20 

8,790 

Subbituminous 

c 

Otter  Creek  East 

i/ 

28.00 

6.4 

0.28 

8,476 

Subbituminous 

C 

Chromo/4  -' 

31.90 

3.7 

0.32 

8,290 

Lignite  A 

Dam  Creek  — ' 

32.32 

6.4 

0.24 

7,892 

Lignite  A 

Average 

29.14 

5.5 

0.22 

8,340 

Subbituminous 

C 

Footnotes: 

(Distance  from  Cook  Mountain  Study  Area) 

1/        7.0  miles  SE 

2/    7.5  miles  S 

3/   11.3  miles  S 


47   12.0  miles  SSE 
5/   13.5  miles  S 
6/   15.0  miles  SSE 


Table  3 


Summary  of  Coal  Analyses 
Sawyer  Coalbed 


LOCATION  -' 

PROXIMATE  ANALYSIS 
%      %      % 
Moisture  Ash   Sulfur 

(as  rec'd) 
Btu 
Per  Pound 

RANK 

COOK  MOUNTAIN 
STUDY  AREA 

SH-7070 

Sec.  21,  T.  2  S. ,  R.  45  E. 

32.91 

4.9 

0.40 

> 

7,814 

Lignite  A 

ASHLAND  COALFIELD, 
NEARBY  AREA 

Sec.  36,  T.  2  S. ,  R.  45  E. . 
Sec.  8,  T.  3  S.,  R.  46  E.- 

31.61 
31.52 

4.7 
5.0 

0.30 
0.63 

8,015 
7,853 

Lignite  A 
Lignite  A 

3/ 
Average  — 

32.01 

4.9 

0.44 

7,894 

Lignite  A 

Footnotes : 

1/   Information  provided  from  Bull.  91,  Montana  Bureau  of  Mines  and  Geology,  1973 

2/  Composite  sample. 

3/  Average  of  three  samples. 


Thickness  of  Coalbeds 

Within  the  Cook  Mountain  Study  Area,  the  Knobloch  Coalbed  thins  to  the  north 
from  59  feet  to  46  feet  thick.   The  average  thicknesses  of  the  Knobloch  and 
Sawyer  Coalbeds  within  the  study  area  are  53  feet  and  14  feet,  respectively. 

As  noted  previously,  the  Knobloch  and  Sawyer  Coalbeds  are  known  to  split; 
however,  only  thin,  isolated  splits  were  encountered  within  the  Knobloch  Coalbed 
(none  within  the  Sawyer)  in  drill  holes  within  the  Cook  Mountain  Study  Area. 
Hence,  all  evaluations  are  based  upon  the  assumption  that  the  Knobloch  and 
Sawyer  Coalbeds  do  not  split  appreciably  within  the  "Study  area.   Where  splits 
were  encountered  (three  drill  holes),  the  total  thickness  of  recoverable  coal 
was  assumed  to  be  the  entire  thickness  of  the  coal  bearing  interval  minus  the 
thickness  of  the  split  (usually  less  than  2  feet).   Coal  resources  were  eva- 
luated on  a  per  section  basis.   The  average  thickness  of  coal  within  each  eva- 
luated section  is  shown  on  Tables  4  through  19,  Appendix  C. 

Thickness  of  Overburden 

Coal  resources  were  evaluated  in  five  classes  of  overburden  thicknesses 
(Tables  4  through  19);  namely,  0  to  50  feet,  50  to  100  feet,  100  to  150  feet, 
150  to  200  feet,  and  over  200  feet.   Within  the  eight-section  study  area,  over- 
burden thicknesses  over  unclinkered  Knobloch  range  from  10  feet  to  approximately 
300  feet.   Nearly  34  percent  of  the  acres  within  this  study  area  that  contain 
Knobloch  coal  are  covered  by  over  200  feet  of  overburden.   The  following  percent- 
ages of  total  acres  containing  Knobloch  coal  are  contained  in  the  remaining 
overburden  thickness  classes:   2  percent  in  0  to  50  feet;  9  percent  in  50  to  100 
feet;  21  percent  in  100  to  150  feet;  and  33  percent  in  150  to  200  feet. 

Within  the  eight-section  study  area,  overburden  thicknesses  over  unclinkered 
Sawyer  range  from  0  feet  to  approximately  140  feet.   Nearly  85  percent  of  the 
total  acres  within  the  study  area  containing  Sawyer  coal  are  covered  by  0  to  50 
feet  of  overburden.   Thirteen  percent  and  two  percent  of  the  total  area  con- 
taining Sawyer  are  covered  by  50  to  100  and  100  to  150  feet  of  overburden, 
respectively. 

Tabulation  of  Coal  Resources 

Tables  4  through  19,  Appendix  C,  summarize  the  estimated  coal  resources  of  the 
Cook  Mountain  Study  Area.   These  tables  show  the  coal  resources,  overburden  and 
interburden  volumes,  overburden  ratios,  and  tons  per  acre  for  each  of  the  study 
area  sections.   As  an  indication  of  the  degree  of  geologic  assurance  of  the 
resource  estimates,  coal  resources  are  classified  as  measured,  indicated  and 
inferred  according  to  the  following: 

Measured  coal  resource  is  that  coal  which  is  located  within  an  area  bounded 
by  a  1/4 -mile  radius  from  a  point  of  observation. 

Indicated  coal  resource  is  that  coal  within  an  area  located  by  boundaries 
greater  than  1/4 -mile  radius  and  less  than  3/4 -mile  radius  to  a  specific  point  of 
observation. 

Inferred  coal  resource  is  the  coal  which  lies  more  than  3/4  of  a  mile  from 
any  point  of  observation. 
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Tables  20  and  21  present  a  summary  of  the  total  measured,  Indicated  and  inferred 

coal  resources  within  each  section  for  the  Knobloch  and  Sawyer  Coalbeds,  respectively. 

Summary  of  Coal  Resources 

The  estimated  total  resources  presented  in  this  report  are  original  resources; 
that  is,  resources  in  the  ground  before  the  beginning  of  mining  operations. 

The  total  estimated  original  resources  in  the  Cook  Mountain  Study  Area  are 
367,170,000  tons.   The  Knobloch  subbituminous  C  Coalbed  contains  34 2, 730, 000 
tons  of  coal  resources,  of  which  138,410,000  tons  are  measured,  189,920,000  tons 
are  indicated  and  14,400,000  tons  are  inferred. 

The  Sawyer  Coalbed,  which  is  classified  as  lignite  A  contains  24,44  0,000  tons  of 
coal  resources,  of  which  8,950,000  tons  are  measured,  15,190,000  tons  are  indicated 
and  300,000  tons  are  inferred. 

The  weighted  average  stripping  ratios  for  the  Knobloch  and  Sawyer  Coalbeds 
within  the  study  area  are  3.08  and  2.26,  respectively,  as  shown  on  Tables  22  and 
23. 
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SOIL  AND  OVERBURDEN 

Principal  Soil  Bodies 

Soils  of  the  Cook  Mountain  Study  Area  can  be  grouped  into  two  major  categories 
based  on  their  parent  material,  mode  of  development,  and  landform  position. 
These  are:   (1)  Residual  soils  developing  from  sandstone,  siltstone,  shale,  or 
baked  rock  (clinker)  which  occupy  ridges,  tabular  divides,  and  moderate  to  steep 
upland  slopes,  and  (2)  Alluvial/Colluvial  soils  forming  in  mixed  deposits  on 
fans,  footslopes,  terraces,  and  bottomlands.   The  residual  soils  occur  over 
approximately  80  percent  of  the  study  area;  the  alluvial/colluvial  soils 
comprise  the  remaining  20  percent. 

Residual  Soils 

The  residual  soils  occur  on  the  dissected,  sedimentary  uplands  of  the  study 
area.   The  parent  materials  of  these  soils  are  interbedded  sandstone,  siltstone, 
shale,  and  baked  rock  belonging  to  the  Tongue  River  Member  of  the  Fort  Union 
Formation. 

In  general,  these  soils  are  shallow  to  moderately  deep,  averaging  about  20 
inches  to  the  underlying  parent  strata.   Textures  range  from  moderately  coarse 
to  fine,  depending  on  the  nature  of  the  parent  material. 

Owing  to  the  variability  of  the  parent  materials,  the  physical  and  chemical 
properties  of  these  soils  differ  widely.   For  example,  the  residual  soils  devel- 
oping from  sandstone  are  medium  to  moderately  coarse  textured,  nonsaline,  non- 
sodic,  and  have  moderate  to  moderately  rapid  permeabilities  (see  Table  24 , 
Appendix  D).   In  contrast,  the  residual  soils  forming  from  shale  are  moderately 
to  strongly  saline  and  have  slow  to  very  slow  permeabilities  (see  Table  25, 
Appendix  D) .   Locally,  these  soils  are  also  moderately  to  strongly  sodic. 

Native  vegetation  on  the  residual  soils  also  varies  widely,  with  big  sagebrush 
and  short  grasses  dominating  the  moderately  fine  and  fine-textured  soils  forming 
from  shale  and  Ponderosa  pine  and  mid  grasses  occupying  the  medium  to  moderately 
coarse  soils  developing  from  sandstone. 

As  a  source  of  revegetative  material,  these  soils  are  fair  to  good  in  quality, 
but  limited  in  quantity  due  to  their  shallow  nature.   Also,  stripping  operations 
may  be  difficult  due  to  steep  slopes,  vegetative  cover  (trees),  and  bedrock 
outcrops,  which  are  common  on  crests  and  along  steep  slopes. 

Alluvial/Colluvial  Soils 

The  alluvial/colluvial  soils  occur  on  upland  fans,  footslopes,  and  terraces,  and 
in  bottomland  positions  along  Cook  Creek  and  Double  E  Coulee.   These  soils  are 
moderately  deep  (fans,  footslopes)  to  deep  (high  terraces,  bottomlands)  over 
stream-laid  deposits  or  slope  wash  derived  locally  from  sandstone,  siltstone, 
shale,  and  baked  rock  of  the  Tongue  River  Member,  Fort  Union  Formation. 

Soil  textures  are  predominantly  medium,  but  vary  locally  with  the  nature  of  the 
deposits.   In  most  cases,  these  soils  are  nonsaline,  nonsodic,  and  slowly  to 
moderately  permeable.   Locally,  however,  the  subsurface  horizons  are  moderately 
saline,  moderately  to  strongly  sodic,  and/or  very  slowly  permeable.   These 
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unfavorable  properties  are  inherited  primarily  from  saline  shales,  which  are 
exposed  at  the  surface  in  numerous  locations  within  the  study  area. 

Native  vegetation  on  these  soils  consists  of  mid  and  short  grasses,  numerous 
forbs,  and  scattered  shrubs  and  deciduous  trees  along  the  main  tributary  drainages , 

These  soils  represent  an  abundant  supply  of  good  quality  revegetative  material. 
Local  subsurface  horizons  influenced  by  salinity,  sodicity,  or  high  clay  percen- 
tage will  require  special  placement  below  the  plant  rooting  zone  in  reconstructed 
profiles.   Stripping  operations  should  not  be  difficult,  with  the  exception  of 
tree/brush  removal  in  bottomland  areas. 

Point  site  profiles  typical  of  this  soil  category  are  described  in  Tables  26 
through  30,  Appendix  D. 

Land  Suitability  Classification 

A  semidetailed  land  suitability  classification  of  the  Cook  Mountain  Study  Area 
was  made  to  evaluate  and  characterize  the  soil  and  overburden  to  10  feet  in 
depth  as  a  source  of  material  for  resurfacing  and  revegetating  the  area  if  it  is 
surface-mined.   This  classification  provides  data  on  the  quantity  and  quality  of 
material  for  revegetation,  ease  of  stripping  and  stockpiling  the  usable 
material,  and  other  factors  which  affect  the  land's  suitability  for  reclamation 
and  revegetation. 

Land  suitability  specifications,  shown  on  Table  31,  were  developed  to  establish 
classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of  material  for  revegeta- 
tion of  surface-mined  lands.   Four  land  classes:   1,  2,  3,  and  6  were  developed. 
These  correspond  to  classes  in  the  Bureau  of  Reclamation  land  classification 
system. 

Factors  included  in  the  specifications  for  quality  consideration  were:   texture, 
salinity,  sodicity,  hydraulic  conductivity,  percent  stones  (>3  inches),  erodibi- 
lity,  and  available  water-holding  capacity.   Quantity  considerations  were  based 
primarily  on  the  depth  of  the  material.   Other  factors  influencing  the  ease  with 
which  suitable  material  could  be  selectively  stripped  and  stockpiled  were  also 
considered.   These  included  hard  bedrock  exposures  (outcrops)  and  steep,  rough, 
or  complex  slopes. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  material  for 
revegetation.   An  abundant  supply  of  highly  suitable  material,  which  is  easily 
stripped  and  stockpiled,  will  be  available  from  this  land  class.   In  addition 
to  having  an  adequate  amount  of  suitable  material  for  reclaiming  the  immediate 
area,  Class  1  lands  can  provide  borrow  material  for  topdressing  areas  with 
insufficient  suitable  material.   Class  2  lands  contain  an  adequate  supply  of 
resurfacing  material  to  revegetate  the  immediate  area;  however,  this  material  is 
slightly  less  desirable  in  quality  or  somewhat  more  difficult  to  strip  and 
stockpile  than  the  material  on  Class  1  lands.   Class  3  lands  are  similar  to 
those  in  Class  2,  except  the  deficiencies  are  more  pronounced  or  a  combination 
of  deficiencies  exists.   Land  in  this  class  is  marginally  suitable  for  revege- 
tation but,  through  utilization  of  good  stripping  and  stockpiling  procedures, 
the  requirements  for  planting  media  can  generally  be  met.   Class  6  lands  lack 
adequate  quantities  of  suitable  material  to  meet  the  needs  for  revegetation.   If 
these  lands  are  disturbed  by  surface  mining,  it  will  be  necessary  to  borrow 
material  from  Class  1  or  2  lands  or  modify  the  material  available  for  revegeta- 
tion through  leaching,  addition  of  chemical  amendments,  etc. 
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LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 
Suitability  of  Soil/Overburden  for  Revegetation  of  Surfaced-Mined  Areas 
BLM/BR  Cooperative  Program  -  EMRIA 
Cook  Mountain  Study  Area 


United  States 
Dept .  of  the  Interior 
Bureau  of  Reclamation 
June  1980 


Symbol; 
Soil  and  Basic 

Overburden  Characteristics    Subclass 


Information 

and 
Deficiencies 


SOILS  AND/OR  OVERBURDEN 
Textures 


Sodicity 

Salinity   ( ECe  x  103) 


Fine  sandy  loams  to  clay  loams 


>36"  of  soil/overburden  that 
is  suitable  for  plant  media. 


Sandy  loam  to  silty  clay  loams 

Sandy  loams  sufficiently  coarse 
to  slightly  reduce  productivity, 
moisture  retention  and  may  in- 
crease erc^TVeness  slightly. 


Profile  should  have  sufficient 
material  for  topdressing,  clayey 
type  materials  that  are  slowly 
permeable  should  be  placed  below 
6"  in  the  reconstructed  profile. 


>  18"  of  soil/overburden  that  is 
suitable  for  plant  media. 


Loamy  sand  to  clay 

Loamy  sand  in  sufficient 
quantity  to  moderately 
reduce  productivity, 
moisture  retention,  and 
may  increase  erosiveness 
moderately. 

Profile  should  have 
sufficient  material  for 
topdressing. placement  of 
clay  in  reconstructed 
profile-permeable :  10" 
plus;  slowly  permeable: 
30"  plus. 

>10"  of  soil/overburden 
that  is  suitable  for 
plant  media. 


SAR  not  to  exceed  9.0  in  fine  textured  materials  but  may  be  20.0  with  loamy  sand  textures.   Values 
can  be  slightly  higher  if  compensated  by  adequate  residual  gypsum. 


Less  than  4 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface. 


Less  than  12  but  should 
have  10"  of  material  of 
less  than  4  for  surface. 


Available  Water  Holding  Capacity       q 
Hydraulic  Conductivity  p 


>  1. 5"/foot  of  soil 

Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an  infil- 
tration rate  adequate  to  prevent 
serious  erosion. 


>  1. 0"/ foot  of  soil 

Slightly  restricted  which  may 
result  in  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  infiltration 
rate. 


>  0.75"/foot  of  soil. 

Restricted  to  the  ex- 
tent that  internal 
drainage  may  limit 
choice  of  vegetat- 
ion and  require  special 
practices  to  control 
erosion. 


Cobbly,  Stony,  Flaggy,  or  Clinkers 
Weatherability  — 


Less  than  5%  by  volume. 


Will  break  down  readily  upon 
exposure  to  the  weather. 


Less  than  10%  by  volume. 


May  require  short  period  to  break 
down  upon  exposure. 


Less  than  20%  by 
volume. 

May  require  ex- 
tended period  to 
break  down. 


Erodibility 


Susceptible  to  slight  erosion. 


Susceptible  to  moderate  erosion. 


Susceptible  to 
severe  erosion  but 
can  be  controlled 
with  proper  manage- 
ment and  selective 
placement . 


Indurated  Surface  Sandstone 
or  Baked  Rock 


Cover 

DRAINAGE 


Permissible  surface  gradient 
0  to  12%  with  smooth  slopes. 


None 

Not  applicable 


Permissible  surface  gradient 
0-20% 


1  to  5%  of 


Permissible  surface 
gradient  0-35%. 


5  to  20%  of  area. 


Because  of  anticipated  land  alterations  by  surface  mining,  present  drainage  conditions,  except  the 
hydraulic  conductivity  of  the  material,  are  not  a  factor  in  the  classification. 


Areas  delineated  in  this  class  generally  lack  suitable  material  for  stripping  and  stockpiling  as 
surface  material.   One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of  this 
class:  (1)  insufficient  soil  or  overburden  of  suitable  quality  at  or  near  the  surface;  (2)  topography 
which  prevents  stripping,  including  excessive  slopes;  (3)  rocklands  with  large  amounts  of  indurated 
surface  sandstone  or  baked  rock;  (4)  toxic  material  (soil  or  overburden),  at  or  near  the  surface. 
Reclamation  of  Class  6  lands  will  require  that  suitable  plant  growth  material  be  borrowed  from 
adjacent  lands  that  have  a  surplus  of  good  quality  planting  media  or  from  suitable  overburden  strata. 
In  certain  cases,  treatment  or  modification  of  the  available  material  may  increase  its  revegetative 
potential  to  an  acceptable  level. 


1/  Applicable  only  to  overburden  material. 
If   Not  applicable  to  overburden  material. 


Table  32  expands  the  preceding  summary  description  of  the  land  classes  and 
describes  the  significant  characteristics  of  the  major  land  classes  and 
subclasses . 

The  land  suitability  classification  was  accomplished  using  Bureau  of  Reclamation 
methods  and  procedures.   Field  mapping  was  done  on  aerial  photographs  with  a 
scale  of  1:12,000.   Topographic  drawings  at  a  scale  of  1:24,000  with  20-foot 
contour  intervals  were  used  for  reference.   An  Abney  hand  level  was  used  in  the 
field  to  supplement  the  slope  data  on  the  topographic  drawings. 

Representative  (Point  Site)  soil  profiles  typical  of  extensive  areas  of  Class 
1,  2,  3,  and  6  lands  were  described,  sampled,  and  analyzed  in  detail. 
Additional  profiles  were  recorded  in  the  heterogeneous  soil  areas  to  show 
variations  within  the  delineated  areas.   This  information  was  supplemented  by 
nonrecorded  profile  examinations  as  required.   Nonrecorded  profiles  are  typi- 
cally located  in  transitional  areas  between  soil  types  to  more  accurately  locate 
boundaries . 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were  exposed  with 
a  tile  spade.   A  hand  auger  or  hydraulic  coring  machine  was  then  used  to 
penetrate  the  soil/overburden  to  a  depth  of  10  feet  unless  hard  bedrock  was 
encountered.   Soil  structure,  consistence,  color,  and  other  observable  features 
of  the  exposed  profile  such  as  salinity,  sodicity,  and  root  distributions  were 
recorded.   Lime  content  was  checked  with  dilute  hydrochloric  acid.   Samples  were 
collected  from  many  of  the  exposed  profiles.   Evaluation  of  the  soil/overburden 
material  for  hydraulic  conductivity  and  available  waterholding  capacity  in  rela- 
tion to  the  reconstructed  profile  was  a  major  consideration  in  the  field  eval- 
uation.  Using  these  basic  evaluations,  along  with  observations  of  other  land 
features  such  as  exposed  hard  bedrock,  slope,  and  landscape  complexity,  a  land 
suitability  class  was  tentatively  assigned  each  delineated  area  while  in  the 
field.   The  suitability  classes,  when  finalized,  were  recorded  on  land  classifi- 
cation maps,  Plates  27  through  29,  Appendix  D. 

A  laboratory  was  used  in  connection  with  the  land  suitability  classification  and 
screenable  tests  were  performed  on  all  samples.   These  tests  included  disturbed 
hydraulic  conductivity,  salinity,  pH,  15-bar  moisture  retention,  and  settling 
volume.   More  detailed  analyses  were  then  made  as  required.   Exhibit  1,  Appendix 
D  describes  the  screenable  testing  procedures  used  in  the  laboratory. 

Complete  analyses,  including  selected  trace  element  determinations,  were  performed 
on  all  samples  from  Point  Site  profiles  representative  of  the  major  land  class 
categories.   The  analyses  listed  in  Exhibit  2,  Appendix  D,  were  performed  as 
needed  for  proper  soil  and  overburden  evaluation. 

Results  of  Land  Suitability  Classification 

The  results  of  the  land  suitability  classification  are  presented  on  semidetailed 
drawings,  Plates  27  through  29,  Appendix  D,  which  show  the  areal  distribution  of 
the  various  land  classes,  soil/overburden  deficiencies,  topographic  deficien- 
cies, profile  notes  of  soil/overburden  borings,  and  the  results  of  selected 
laboratory  analyses.   This  information  is  also  summarized  on  Plates  30  through 
35,  Appendix  D. 
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Plates  30  through  32,  Appendix  D,  describe  the  location  and  depth  of  topsoiling 
material  that  is  suitable  for  surface  placement  in  reconstructed  profiles. 
Plates  33  through  35,  Appendix  D,  indicate  the  location  and  quantity  of 
material  that  is  suitable  for  subsurface  replacement  below  the  primary  plant 
rooting  zone. 

Table  33  lists  the  acreage  of  each  land  class  occurring  in  the  study  area.   The 
results  in  this  table  indicate  that  58.3  percent  of  the  land  in  the  Cook 
Mountain  Study  Area  contains  an  adequate  or  surplus  supply  of  suitable  soil 
and/or  overburden  to  restore  the  disturbed  area  to  a  condition  capable  of  sup- 
porting the  present  land  uses.   This  includes  Class  1,  2,  and  3  lands.   The 
remaining  4  1.7  percent  of  the  study  area,  designated  as  Class  6,  consists  pri- 
marily of  steep,  dissected  uplands  dominated  by  shallow  soils.   Reclamation  of 
these  lands  to  their  present  topographic  condition  would  appear  impractical  and 
uneconomical.   If  these  lands  are  disturbed  by  surface  mining,  the  reclaimed 
landscape  would  undoubtedly  be  restored  to  a  more  gently  rolling  condition. 
Surplus  soil  or  good  quality  overburden  could  be  borrowed  from  Class  1  or  2 
lands  to  provide  a  deeper  root  zone  and  enhance  permanent  revegetation  on  these 
lands . 

This  land  suitability  classification  provides  baseline  data  for  assessing  reclamation 
potential.   It  does  not,  however,  provide  adequate  detail  for  stripping  and 
stockpiling  procedures  during  the  surface  raining  operation.   Additional  field 
borings  and  observations,  supported  by  laboratory  data,  will  be  necessary  to 
more  accurately  determine  the  quantity,  quality,  and  location  of  available 
material  to  be  stripped  and  stockpiled  for  use  as  a  revegetative  medium. 

Soil  and  Overburden  Suitability  for  Revegetation 

Soil  Mantle  Suitability 

The  alluvial/colluvial  soils,  which  cover  about  20  percent  of  this  study  area, 
will  provide  an  abundant  source  of  material  for  revegetation.   The  combined 
thickness  of  the  A  and  B  horizons  of  these  soils  ranges  from  12  to  24  inches. 
This  material,  which  is  nonsaline,  nonsodic,  and  moderately  permeable,  will  be 
highly  desirable  for  surface  replacement  since  most  of  the  organic  matter  and 
available  nutrients  are  contained  in  these  horizons. 

Since  the  A  horizon  is  typically  only  2  to  4  inches  thick  (except  for  Ap  horizons 
-  6  to  8  inches),  selective  stripping  of  this  horizon  from  the  B  horizon  appears 
impractical.   However,  mixing  of  these  horizons  should  not  appreciably  change 
the  overall  quality  of  the  material.   In  most  cases,  the  C  horizons  of  these 
soils  will  provide  6  to  8  (or  more)  feet  of  fair  to  good  quality  subsurface 
material.   In  local  areas  where  the  C  horizons  contain  high  levels  of  soluble 
salts,  exchangeable  sodium,  clay,  or  coarse  sands,  every  effort  should  be  made 
to  selectively  place  these  materials  at  least  3  to  4  feet  below  the  surface  in 
reconstructed  profiles. 

Since  slopes  on  which  these  soils  occur  are  gentle  to  moderate,  stripping  conditions 
appear  favorable  (except  for  tree/brush  clearing  along  Cook  Coulee  and  Double  E 
Coulee  drainages). 

The  residual  soils,  though  they  cover  about  80  percent  of  the  study  area,  represent 
a  limited  source  of  revegetative  material  due  to  their  shallow  nature  and  the 
"broken"  landscape  they  occupy. 
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Table  32  Description  of  Land  Classes 


Table  32 
Sheet  1  of  3 


Class 
Subclass 


7.  of  Area       Soil/Overburden  Characteristics 

25.7  Land  in  this  class  has  an  average  minimum 

depth  of  36  inches  of  good  or  high  quality 
soil /overburden  that  is  suitable  for  plant 
media.   Usually  this  material  is  dark 
colored  soil  that  has  formed  in  deep 
alluvial,  colluvial,  and  residual  de- 
posits.  Medium  texture  is  most  common. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  is 
moderate  and  adequate  moisture  is  re- 
tained for  plant  growth.   This  rate  of 
water  movement  provides  adequate  aeration 
of  the  plant  root  zone. 

Soil  and  overburden  material  in  this 
class  is  nonsaline,  nonsodic,  and  free 
of  toxic  contaminants.   Below  18  inches 
the  material  is  moderately  to  strongly 
calcareous. 

These  lands  usually  have  surplus  high 
quality  soil /overburden  that  is  suitable 
for  topdressing  or  subsoil  placement. 
This  material,  when  borrowed,  will  enhance 
productivity  of  other  tracts. 

10.15        Land  in  this  class  has  an  average  minimum 
depth  of  18  inches  of  fair  and  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  largely  medium  and  moderately  coarse 
textured  soil  that  has  formed  in  deep 
colluvial  and  alluvial  deposits  and  in 
moderately  deep  residual  material. 
Textures  range  from  sandy  loams  to  clay 
loams.   Good  quality  overburden  material 
may  be  considered  as  part  of  the  18" 
requirement.   Below  18  Inches  the  over- 
burden is  usually  calcareous.   Limit- 
ations other  than  depth  include:   clay 
rich  layers,  reduced  moisture  retention, 
restricted  permeability,  and  layers 
that  are  saline  and/or  sodic. 


Land  Features 

The  surface  relief  comprises  nearly 
level  to  gently  sloping  terraces, 
fans,  foot  slopes,  and  undulating 
uplands.   Most  of  this  land  pro- 
duces small  grains,  hay,  or  native 
range.   Topographic  features  will 
not  hinder  stripping  and  stock- 
piling.  Selective  stripping  can 
be  accomplished  easily.   Native 
mid  and  short  grasses  are  the  most 
common  range  species. 


Management  Requirements 

These  materials  will  be  slightly  susceptible 
to  wind  and  water  erosion,  but  management 
practices  such  as  vegetative  mulch,  mechanical 
roughing,  or  contour  planting  should  be 
adequate  control.   For  maximum  use  of  soil 
In  this  land  class,  the  upper  6-24  inches 
of  surface  material  should  be  stripped  and 
stockpiled  separately  from  the  subsoil  and 
substratum. 


The  surface  relief  comprises  nearly 
level  to  rolling  foot  slopes,  side 
slopes,  swales,  and  undulating  up- 
lands.  Topographic  features  will 
not  hinder  stripping  and  stockpiling; 
also,  selective  stripping  can  be 
accomplished  easily.   Native  mid 
and  short  grasses  are  the  most  common 
range  species . 


Selection  of  suitable  material  for  use  at  or 
near  the  surface  will  require  a  review  of  the 
field  data.   There  is  adequate  topdressing 
material,  but  care  must  be  exercised  in  selecting 
nonsaline  permeable  material  for  the  subsoil 
and  substratum.   Selective  stripping  and  stock- 
piling to  isolate  subsurface  material,  followed 
by  selective  placement,  is  necessary  for  the 
best  use  of  available  material  in  this  land  class. 

With  proper  selection  and  placement,  reclamation 
should  not  be  difficult,  and  average  management 
should  enhance  successful  permanent  revegetation. 


Soil  aggregates  of  these  materials  have 
fair  to  good  stability  and  water  enters 
the  material  at  a  moderate  rate.   The 
internal  water  movement  is  adequate  to 
provide  aeration  of  the  primary  plant 
root  zone.   Also,  adequate  moisture  is 
retained  for  plant  use.   The  material 
that  is  suitable  for  use  at  or  near  the 
surface  is  nonsaline  and  nonsodic  and 
there  is  no  indication  of  toxicity. 

Land  in  this  class  has  an  average  minimum 
depth  of  36  inches  of  good  and  high  quality 
soil /overburden  that  is  suitable  for  plant 
media.   Usually  this  material  is  dark 
colored  soil  that  has  formed  in  deep 
alluvial,  colluvial,  and  residual  deposits. 
Medium  texture  is  most  common. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  is 
moderate  and  adequate  moisture  is  re- 
tained for  plant  growth.   This  rate  of 
water  movement  provides  adequate  aeration 
of  the  plant  root  zone. 

Soil  and  overburden  material  in  this 
class  is  nonsaline,  nonsodic,  and  free 
of  toxic  contaminants.   Below  18  inches 
the  material  is  moderately  to  strongly 
calcareous. 

These  lands  usually  have  surplus  high 
quality  soil/overburden  that  is  suitable 
for  topdressing  or  subsoil  placement. 
This  material  when  borrowed  will  enhance 
productivity  of  other  tracts. 

The  general  description  of  soil/overburden 
characteristics  of  Class  2s  applies  to 
this  class.   The  most  common  limitations 
are  quantity  of  usable  material,  slow 
permeability,  and  moderate  salinity  and/ 
or  sodicity. 


The  surface  relief  comprises  strongly 
sloping  side  slopes.   Selective 
stripping  may  be  difficult. 


The  surface  relief  comprises 
moderately  sloping  to  rolling 
foot  slopes  and  smooth,  steep 
side  slopes.  Selective  strip- 
ping may  be  difficult  and  some 
mixing  of  surface  and  subsoil 
material  will  occur. 


These  soils  will  be  slightly  susceptible  to  wind 
and  water  erosion,  but  management  practices  such 
as  vegetative  mulch,  mechanical  roughing,  or 
contour  planting  should  be  adequate  control. 
For  maximum  use  of  soil  in  this  land  class,  the 
upper  6-24  inches  of  surface  material  should 
be  stripped  and  stockpiled  separately  from  the 
subsoil  and  substratum. 


A  review  of  the  field  data  to  determine  the 
effect  of  unavoidable  mixing  of  surface  and 
subsurface  material  is  needed  to  determine 
best  stripping  depths.  This  will  also  be  a 
guide  for  placement  in  a  reconstructed  profile. 
The  last  paragraph  describing  management  of 
Class  2s  lands  applies  to  this  class  also. 
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Class 
Subclass 


%   of  Area       Soil/Overburden  Characteristics 

14.2         Land  in  this  class  has  an  average  minimum 
depth  of  10  inches  of  fair  to  good  quality 
soil/overburden  that  is  suitable  for  plant 
media.   Usually  this  material  is  largely 
medium  to  moderately  fine  textured  soil 
that  has  formed  in  alluvial,  colluvial,  and 
residual  deposits.   The  principal  limiting 
factor  is  the  quantity  of  nonsaline  and 
nonsodic  material  for  use  at  or  near  the 
surface.   The  subsoil  and  substratum  often 
contain  moderate  to  high  amounts  of  sodium 
and  large  amounts  of  gypsum.   Laboratory 
tests  indicated  fair  to  poor  permeability. 
Land  in  this  class  retains  a  large  quantity 
of  water  for  plant  use.   The  infiltration 
rate  and  internal  water  movement  are 
moderately  slow. 

0.0         Land  in  this  class  has  an  average  of  36 
inches  of  good  and  high  quality  soil/ 
overburden  that  is  suitable  for  plant 
media.   Usually  this  material  is  dark 
colored  soil  that  has  formed  in  deep 
alluvial,  colluvial,  and  residual  material. 
Medium  textures  are  most  common. 

Surface  material  in  this  class  is  nonsaline, 
non-sodic,  and  moderately  high  in  organic 
matter.   There  is  no  indication  of  toxic 
contaminants.  The  subsurface  material 
below  18  inches  is  moderately  to  strongly 
calcareous.   Soil  aggregates  of  these 
soils  have  moderate  to  good  stability, 
allowing  water  to  enter  the  surface  layers 
readily.   Internal  permeability  is  moderate 
to  moderately  slow  and  adequate  moisture 
is  retained  for  plant  growth.   The  rate 
of  water  movement  provides  adequate  aeration 
of  the  plant  root  zone. 

These  lands  are  a  good  source  of  quality  soil/ 
overburden  that  is  suitable  for  topdressing  or 
subsurface  placement.   This  material,  when 
borrowed,  will  enhance  the  productivity  of 
other  tracts. 


Land  Features 

The  surface  relief  comprises  nearly 
level  alluvial  terraces  and  adjacent 
foot  slopes.   Topographic  features 
will  not  hinder  stripping  and 
stockpiling  desirable  material  and 
selective  stripping  can  be  accomp- 
lished easily.   Native  mid  and 
short  grasses  are  the  most  common 
range  species.   Some  tracts  produce 
mixed  grass  hay. 


The  surface  relief  comprises  mod- 
erately steep,  complex  side  slopes 
and  crests.   Selective  stripping 
will  be  difficult. 


Management  Requirements 

For  best  use  of  the  soil/overburden  in  this 
class,  the  surface  material  must  be  stripped 
and  stockpiled,  and  the  subsoil  and  substratum 
should  be  placed  with  the  spoil  material. 
Pitting  or  gouging  basins  will  retard  erosion 
and  help  promote  leaching  of  soluble  salts 
below  the  primary  root  zone.   Mulches  can 
also  be  used  to  reduce  erosion.   These 
measures  can  increase  the  effective  leaching 
of  soluble  salts  and  increase  production 
capability.   Successful  permanent  revegetation 
can  be  accomplished,  but  above  average  planning 
and  management  will  be  required. 


These  soils  will  be  moderately  susceptible  to 
wind  and  water  erosion,  but  management  practices 
such  as  vegetative  mulching,  mechanical  roughing, 
or  contour  planting  should  provide  adequate 
control.   For  maximum  use  of  soil  in  this  land 
class,  the  upper  6-24  inches  of  surface  material 
should  be  stripped  and  stockpiled  separately 
from  the  subsoil  and  substratum. 


Land  in  this  cla 
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The  surface  relief  of  land  in 
this  class  is  characterized  by 
strongly  sloping  foot  slopes, 
moderately  steep  side  slopes, 
and  crests  in  hilly  upland  areas. 
Moderately  steep  slopes  will 
make  selective  stripping  diffi- 
cult.  Native  mid  and  short 
grasses  are  the  dominant  species. 
This  land  is  used  for  range. 


Selective  stripping  with  emphasis  on  stripping 
small  tracts  of  deep  soil  separately  should  be 
considered.   In  addition  to  a  review  of  the 
data,  a  field  check  to  locate  these  tracts  is 
advisable.   Similar  surface  treatment  of  re- 
constructed profiles  as  described  in  3s  should 
be  followed. 


Locally,  the  overburden  material  is  permeable 
and  the  soluble  salts  can  be  leached.   Some 
clay-rich  and  sodium  affected  layers  will 
most  likely  be  included  in  the  stockpiled 
material,  but  this  should  be  held  to  a 
minimum. 


Land  in  this  class  has  less  than  10  inches 
average  depth  of  fair  and  good  quality  soil/ 
overburden  that  is  suitable  for  plant  media. 
These  materials  are  typically  sandy  or  clay- 
rich  below  the  surface  layer  and  often 
highly  saline  and/or  sodium  affected.   One 
or  a  combination  of  the  above  factors  make 
these  materials  unsuitable  for  plant  media. 
Some  small  tracts  with  good  quality  soil/ 
overburden  occur  in  this  class  as  inclusions. 


The  surface  relief  in  this  class 
comprises  nearly  level  to  very 
gently  sloping  old  alluvial 
terraces  and  residual  foot  slopes 
and  benches.   Topographic  features 
will  not  hinder  selective  stripping 
and  stockpiling.   Native  mid  and 
short  grasses  are  the  dominant 
range  species. 


A  careful  review  of  the  data  and  field  checking 
to  locate  the  small  inclusions  of  better  soil/ 
overburden  is  warrented.   This,  combined  with 
selective  stripping,  can  do  much  to  reduce  the 
amount  of  revegetation  material  that  must  be 
borrowed  or  modified.   Temporary  irrigation, 
pitting,  and  gouging  basins  to  increase  leaching 
may  adequately  modify  some  material.   However, 
borrowing  from  nearby  deep,  good  quality  lands 
will  probably  be  the  most  economical  method  of 
permanent  revegetation. 
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Soil/Overburden  Characteristics 

Land  in  this  class  has  an  average  minimum 
depth  of  36  inches  of  good  and  high 
quality  soil /overburden  that  is  suitable 
for  plant  media.   Soils  in  this  class 
have  formed  in  deep  alluvial,  colluvial, 
or  residual  material.   They  are  usually 
dark  colored  and  moderately  high  in 
organic  matter.   Textures  are  commonly 
medium  and  moderately  fine. 

These  materials  are  nonsaline,  nonsodic, 
and  moderately  to  strongly  calcareous 
below  a  depth  of  18  inches.   Aggregate 
stability  is  moderate  to  good  in  these 
materials,  and  water  readily  infiltrates 
the  surface.   Internal  permeability  is 
moderate  to  moderately  slow,  and  adequate 
moisture  is  retained  for  plant  growth. 
The  rate  of  water  movement  provides 
adequate  aeration  of  the  plant  zone. 

Where  accessible,  the  soils /overburden 
from  this  land  class  will  provide  good 
quality  material  suitable  for  top- 
dressing  or  subsurface  placement. 

Land  in  this  class  has  less  than  10  inches 
average  depth  of  fair  and  good  quality 
soil/overburden  that  is  suitable  for 
plant  media.   Soil  materials  are  typically 
shallow  over  weathered  shale.   Sandstone 
and  shale  outcrops  are  common. 

The  underlying  overburden  is  highly 
variable  in  physical  and  chemical 
properties.   It  may  be  highly  saline, 
highly  sodic,  slowly  permeable,  or  fine 
textured  (clay-rich) .   These  limitations 
occur  singly  or  in  combination  in  most 
areas  delineated  as  Class  6st.   Small 
inclusions  of  deeper  soils  and  permeable, 
nonsaline,  and  nonsodic  overburden 
material  are  common  within  these 
delineated  areas. 


Land  Features 

The  surface  relief  comprises  areas  of 
complex,  narrow  bottom  lands  and 
dissected  upland  areas  with  steep  side 
slopes  below  ridge  crests.   The  dend- 
ritic drainage  pattern  creates  complex 
slopes  that  prevent  uniform  selective 
stripping. 

Active  erosion  may  expose  sandstone, 
shale,  or  baked  rock  in  up  to  25  per- 
cent of  any  designated  area. 

Ponderosa  pine/Little  bluestem  dominate 
upland  sandy  sites;  Big  sagebrush/forbs 
occur  on  shallow  upland  sites  over- 
lying shale;  deciduous  trees/brush 
are  common  in  narrow  drainage  bottoms. 
This  land  class  is  used  for  range. 


Management  Requirements 

These  soils  will  be  highly  susceptible  to 
wind  and  water  erosion.   Management  practices 
such  as  vegetative  mulching,  mechanical  roughing, 
or  contour  planting  will  help  retard  soil  erosion. 

For  maximum  use  of  soil  in  this  land  class,  the 
upper  6  to  26  inches  of  surface  material  should 
be  stripped  and  stockpiled  separately  from  the 
subsoil  and  substratum. 


The  surface  relief  in  this  class  com- 
prises steep  side  slopes  below  ridge 
crests. 

Active  erosion  may  expose  sandstone 
or  shale  in  up  to  25  percent  of  any 
tract  designated  as  Class  6st.  The 
dendritic  drainage  pattern  creates 
complex  slopes  that  prevent  uniform 
selective  stripping. 

Ponderosa  pine/Little  bluestem 
dominate  upland  sandy  sites;  Big 
sagebrush/forbs  occur  on  shallow  up- 
land sites  overlying  shale;  deciduous 
trees/brush  are  common  in  narrow 
drainage  bottoms.   This  land  class 
is  used  for  range. 


Tracts  with  deeper  soils  and  suitable  overburden 
material ,  though  small ,  should  be  selectively 
stripped. 

Mechanical  roughing  of  the  surface  will  increase 
infiltration  and  enhance  leaching  of  soluble 
salts.   Vegetative  mulching,  contour  planting, 
and  the  use  of  stabilizing  structures  will  aid 
in  reducing  erosion. 

Borrow  material  will  be  required  for  successful 
permanent  revegetation.   The  postmining  soil 
profile  and  vegetative  cover  will  likely  be  an 
Improvement  over  present  conditions. 
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Many  of  the  shallow  soils  developing  from  shale  have  A-C  profiles.   The  A  horizon 
(2  to  6  inches  thick)  is  usually  moderately  fine  textured,  nonsaline,  nonsodic, 
and  slowly  permeable.   This  material,  though  favorable  for  surface  replacement, 
may  be  difficult  to  strip  due  to  topographic  limitations  (steep  slopes,  outcrops). 
The  C  horizons  and  substratum  are  typically  fine  textured  and  moderately  to 
strongly  saline.   Locally,  they  are  also  sodic.   As  such,  this  material  is  unde- 
sirable as  a  revegetative  medium;  therefore,  replacement  should  be  at  least  3  to 
4  feet  below  the  surface. 

The  residual  soils  forming  from  sandstone  could  provide  about  12  to  18  inches  of 
good  quality  topsoiling  material  (combined  A  and  B  horizons).   However,  steep 
slopes  and  numerous  outcroppings  may  severely  limit  stripping  operations.   The  C 
horizons  and  weathered  substratum,  though  nonsaline  and  nonsodic,  are  suitable 
only  for  subsurface  replacement  due  to  their  coarse  textures,  low  moisture- 
holding  capacity,  and  susceptibility  to  erosion. 

Plates  30  through  35,  Appendix  D,  are  maps  showing  the  location  and  quantity  of 
available  topsoil  and  subsurface  material  in  the  Cook  Mountain  Study  Area.   This 
information  was  projected  from  the  land  classification  maps,  Plates  27  through 
29,  Appendix  D. 

Overburden  Suitability 

Overburden  samples  from  Intrasearch,  Inc.,  drill  holes  24  530-2C  and  34  58-3C 
(logs  shown  on  Plates  14  through  24 ,  Appendix  B)  were  evaluated  as  to  their 
suitability  for  use  as  supplemental  plant  media. 

Complete  laboratory  analyses,  including  selected  trace  element  determinations, 
were  performed  on  the  samples  by  Northern  Testing  Laboratories,  Billings, 
Montana  (see  Tables  34  through  36,  Appendix  D).   The  results  of  these  analyses 
provided  the  data  base  for  this  suitability  evaluation. 

Suitability  criteria  developed  by  the  Bureau  of  Reclamation  (Table  37,  Appendix 
D)  were  applied  to  the  laboratory  data  in  order  to  place  the  overburden 
materials  into  one  of  three  categories:   Suitable,  Limited  Suitability,  or 
Unsuitable. 

Table  38,  Appendix  D,  presents  the  results  of  the  overburden  suitability  evaluation 
Overall,  44.9  percent  of  the  overburden  materials  lying  above  and  directly  below 
(interburden)  the  Knobloch  Coalbed  in  drill  hole  24 530-2C  were  determined  to  be 
suitable  for  use  as  a  supplemental  plant  medium;  4  2.6  percent  were  of  limited 
suitability;  and  12.5  percent  were  unsuitable.   In  drill  hole  3458-3C,  15.1  per- 
cent of  the  overburden/interburden  materials  were  rated  suitable;  55.8  percent 
were  of  limited  suitability;  and  29.1  percent  were  unsuitable. 

In  drill  hole  24  530-2C,  high  percentages  of  exchangeable  sodium  and/or  clay  were 
the  major  limiting  factors  causing  materials  to  be  placed  in  the  limited  suita- 
bility or  unsuitable  categories.   In  addition,  a  high  level  of  lead  (56.0  ppm) 
was  found  in  the  deepest  sample  tested,  a  hardened  shale  from  177.6  -  178.0  feet. 

High  levels  of  exchangeable  sodium,  clay  or  sand  (relates  to  erosion  potential), 
and  trace  elements  were  the  major  limiting  factors  for  samples  obtained  from 
drill  hole  34  58-3C.   Salinity  was  low  in  all  but  three  of  the  samples,  in  which 
it  was  moderate.   A  high  concentration  of  nickel  (6.76  ppm)  was  found  in  a 
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carbonaceous  shale  sample  from  179.8  -  185.0  feet;  and  excessive  lead  (25.0  ppm) 
occurred  in  the  deepest  sample,  a  shale  from  241.8  -  24  3.0  feet.   A  limited 
correlation  appears  evident  between  the  lead  levels  in  this  sample  and  the  hard- 
ened shale  sample  from  drill  hole  24  530-2C,  as  both  samples  were  from  similar 
strata  immediately  underlying  the  Knobloch  Coalbed. 

The  samples  from  both  drill  holes  which  were  rated  suitable  consisted  primarily 
of  fine-grained  sandstones  or  sandy  shales  which  were  nonsaline,  nonsodic ,  and 
medium  textured. 

This  suitability  evaluation  provides  a  general  overview  of  overburden  suitability 
for  revegetation  in  the  Cook  Mountain  Study  Area.   It  should  be  recognized, 
however,  that  this  evaluation  was  made  on  a  site  -  specific  basis;  therefore, 
the  results  apply  only  to  the  specific  location  where  each  hole  was  drilled.   No 
attempt  should  be  made  to  project  the  results  between  the  holes  or  over  the 
entire  study  area,  as  wide  variations  in  overburden  type  and  quality  would 
preclude  the  accuracy  of  these  projections. 
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GREENHOUSE  EVALUATION  OF  SOIL  AND  OVERBURDEN 
MATERIALS 

Introduction 

The  data  in  this  section  was  provided  by  E&A  Environmental  Consultants,  Inc., 
Sharon,  Massachusetts,  under  Bureau  of  Reclamation  Contract  Number  1-07-DV-00124 . 

This  report  presents  the  greenhouse  data  for  37  soil  and  overburden  samples 
obtained  from  the  Cook  Mountain  Study  Area  in  southeastern  Montana.   These 
samples  were  procured  from  7  USBR  Point  Site  soil  profiles  described  in 
Tables  24  through  30,  Appendix  D. 

The  soil  or  overburden  material  was  placed  in  10"  plastic  pots.   Each  pot  contained 
2800  grams  of  soil.   Three  replicates  of  each  soil  was  seeded  to  Barley  var . 
Steptoe.   This  variety  was  obtained  from  the  USDA  High  Plains  Grassland  Research 
Station  in  Cheyenne,  Wyoming.   Prior  to  seeding,  the  soils  received  Nitrogen  and 
Phosphorus  fertilizer  at  a  rate  of  60  lbs/acre  N  as  ammonium  nitrate  and  80 
lbs/acre  of  P  as  triple  phosphate. 

On  July  16,  1981,  the  pots  were  seeded  with  10  seeds  per  pot.   However,  due  to 
poor  germination,  the  pots  were  reseeded  with  35  seeds  per  pot  on  August  2, 
1981.   The  poor  germination  appeared  to  have  resulted  from  the  poor  surface  soil 
conditions  and  surface  soil  moisture.   Covering  the  pots  and  maintaning  humid 
conditions  during  the  second  seeding  resulted  in  germination  in  all  pots. 

In  order  to  avoid  leaching  of  salts,  the  pots  were  watered  3  times  per  week  with 
100  ml  water  at  each  time. 

By  mid-August,  all  the  plants  showed  a  characeristic  nitrogen  deficiency  and 
were  fertilized  with  a  soluble  15-15-15  fertilizer.   There  was  an  immediate 
noticeable  greening  and  excellent  growth  thereafter. 

Preplant  Analysis  of  Soil  and  Overburden 

Table  39  shows  the  preplant  analyses  data  for  the  37  samples.   Since  Potassium 
and  Phosphorus  were  added  as  fertilizers  along  with  Nitrogen,  these  parameters 
are  essentially  meaningless.   However,  it  should  be  noted  that  plant-available  P 
was  very  low  and  most  of  the  available  K  was  low  for  most  of  the  samples  tested. 

Manganese  (Mn),  Zinc  (Zn),  Iron  (Fe),  and  Copper  (Cu)  are  usually  not  toxic  to 
plants  in  neutral  or  alkaline  soils.   With  the  exception  of  three  samples  (Tl, 
T27,  T32),  which  had  a  pH  of  6.7,  all  of  the  samples  had  a  pH  above  7.0.   Plants 
grown  on  alkaline  soils  can  be  deficient  in  these  elements.   In  general,  total 
Zn  in  soils  ranges  from  10  to  300  ppm;  Mn  ranges  from  100  to  A 000  ppm;  Cu  ranges 
from  2  to  100  ppm  (Underwood,  1971). 

Total  Boron  (B)  in  the   37  samples  ranged  from  A. 7  to  12  ppm;  Arsenic  (As) 

ranged  from  7.1  to  26.9  ppm.   Normal  ranges  in  soils  are  2  to  100  ppm  for  Boron 

and  .1  to  40  ppm,  with  an  average  of  6ppm,  for  Arsenic.  Molybdenum  (Mo)  was 
not  detected  in  any  of  the  samples. 

Sodium  Adsorption  Ratio  (SAR)  values  ranged  from  0.1  to  18. A.   SAR  values  below 
10  have  a  low  sodium  (alkaki)  hazard.   Of  the  37  samples,  12  had  SAR  values 
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exceeding  10.   An  important  consideration  is  the  effect  of  excessive  sodium  on 
permeability.   Soil  or  overburden  materials  containing  moderate  or  high  amounts 
of  clay  may  become  highly  dispersed  and  virtually  impermeable  at  SAR's  exceeding 
10. 

Electrical  conductivity  (ECe  x  10^)  of  the  soils  ranged  from  0.26  to  14.00  mmhos/cm. 
Most  crops  will  tolerate  EC  values  up  to  A. 00.   EC  values  above  8.00  are 
tolerated  by  very  few  crops  as  a  deleterious  effect  on  germination  occurs.   Many 
of  the  grasses  and  barley  will  show  a  50  percent  yield  reduction  when  EC  =  16  to 
18.   Of  the  samples  tested  in  this  study,  eight  had  EC  values  greater  than  8.00. 
Samples  T8,  T9 ,  T26,  and  T34  had  EC  values  above  10.00. 

Plant  Analyses  Data 

Plant  Growth  Aspects 

Table  4  0  shows  the  yield  of  barley  for  the  37  samples  tested.   A  control  sample 
(Ap  horizon,  Merrimac  sandy  loam)  was  included  for  comparison.   This  control  had 
the  highest  yield.   The  relationship  of  dry  weight  versus  depth  is  shown  in 
Figures  1  through  8,  Appendix  E.   Figure  1  shows  all  of  the  37  samples  and  their 
relation  to  plant  growth.   Samples  T27,  T28 ,  and  T30  produced  the  highest  dry 
matter.   Samples  T27  through  31,  obtained  from  Point  Site  number  8  (Table  24  , 
Appendix  D)  produced  the  highest  yield.   The  analysis  of  variance  (AOV)  of  fresh 
weight  and  dry  weight  as  related  to  the  soils  and  their  respective  depths  is 
shown  in  Table  4  1,  Appendix  E.   Significant  differences  in  dry  weight  were  found 
between  depths  in  Point  Sites  13  and  12.   (Tables  26  and  28,  respectively, 
Appendix  D) ;  and  in  the  fresh  weights  in  Point  Site  number  13,  9,  and  12  (Tables 
26,  27,  and  28,  respectively,  Appendix  D) . 

To  test  the  differences  in  plant  yield  due  to  variability  in  depth,  a  Duncan 
Multiple  Range  Test  was  conducted.   The  results  are  shown  in  Tables  4  2  and  4  3, 
Appendix  E.   Significant  differences  for  depths  and  dry  weight  of  plants  were 
found  in  samples  from  Point  Sites  13,  9,  12,  and  9  (Tables  26,  27,  28,  and  30, 
respectively,  Appendix  D) .   The  major  difference  occurred  between  the  surface 
layer  and  the  remaining  layers.   For  Point  Site  9  (Table  30,  Appendix  D) ,  growth 
in  samples  Tl ,  T2 ,  and  T5  was  significantly  better  than  in  T3  and  T4 .   For  Point 
Sites  9  and  12  (Tables  27  and  28,  respectively,  Appendix  D) ,  the  surface  layer 
produced  a  significant  difference  in  plant  yield.   In  Point  Site  13  (Table  26, 
Appendix  D) ,  the  two  uppermost  layers  produced  higher  yields.   Similar  results 
were  found  with  fresh  weights. 

Table  44,  Appendix  E,  describes  some  of  the  observations  recorded  during  midgrowth 
of  the  plants.   The  most  important  observation  was  the  fact  that  some  ger- 
mination occurred  in  all  of  the  samples.   With  the  exception  of  samples  T26, 
T34 ,  and  T36,  germination  ranged  from  fair  to  excellent.   By  the  end  of  the  60 
days,  the  plants  had  produced  heads  in  85  percent  of  the  pots. 

Table  45,  Appendix  E,  represents  the  top/root  ratio  for  several  selected 
samples.   In  general,  most  samples  had  a  lower  ratio  than  the  control.   Sample 
T31  surprisingly  had  a  higher  ratio.   The  very  low  ratio  implies  that  some 
factor(s)  may  have  been  toxic  to  plant  growth. 

Table  46,  Appendix  E,  presents  the  interrelationships  between  the  preplant  analysis 
data  and  plant  growth  as  determined  with  the  correlation  coefficient  (R) . 
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Preplant  Analysis  of    Soil/Overburden  Material 


Table    '39 
Sheet    1   of    7 


Sample 

. 

Total 

No. 

Depth 

Sand 

Silt 

Clay 

CEC 

Inches 

% 

% 

% 

% 

T-1 

0-13 

45.2 

49.8 

5.0 

22.6 

T-2 

13-39 

44.6 

51.4 

4.0 

17.0 

T-3 

39-60 

44.3 

50.7 

5.0 

14.9 

T-4 

60-96 

36.0 

60.1 

3.9 

10.2 

T-5 

96-120 

50.6 

33.9 

15.5 

14.6 

T-6 

0-8 

23.1 

46.9 

30.0 

36.5 

T-7 

8-17 

28.7 

42.8 

28.5 

23-3 

T-8 

17-36 

24.5 

47.6 

27.9 

17.0 

T-9 

36-60 

30.6 

43.7 

25.7 

15.6 

T-10 

60-89 

26.5 

50.9 

22.6 

13.1 

T-1 1 

84-102 

25.7 

47.0 

27.3 

18.8 

T-1 2 

102-120 

29.0 

47.0 

24.0 

26.3 

T-13 

0-17 

34.1 

44.0 

21.9 

19.0 

T-14 

17-32 

32.0 

45.6 

22.4 

14.0 

T-15 

32-54 

38.7 

44.1 

17.2 

10.4 

T-16 

54-78 

37.1 

46.8 

16.1 

11.1 

T-17 

78-102 

48.1 

36.0 

15.9 

12.1 

T-18 

102-120 

46.9 

39-7 

13.9 

10.4 

T-19 

0-17 

43.1 

40.4 

16.5 

16.9 

T-20 

17-30 

48.3 

33.9 

17.8 

12.2 

T-21 

30-60 

39.1 

39.8 

21.1 

9-9 

T-22 

60-84 

7-3 

61.8 

30.9 

13.9 

T-23 

84-102 

22.8 

49.2 

28.0 

18.7 

T-24 

o-n 

2.0 

54.6 

43.4 

15.6 

T-25 

4-14 

4.8 

56.2 

39.0 

13.5 

T-26 

14-48 

1.5 

61.3 

37.2 

9.7 

T-27 

0-5 

70.7 

29-3 

7.3 

9.8 

T-28 

5-13 

61.6 

37.2 

1.2 

9.5 

T-29 

13-34 

69.1 

20.4 

10.5 

4.6 

T-30 

34-72 

70.1 

22.8 

7.1 

4.3 

T-31 

72-120 

63-7 

30.1 

6.2 

9.9 

T-32 

0-8 

28.0 

59.4 

12.6 

13.2 

T-33 

8-27 

22.7 

56.0 

21.3 

10.1 

T-34 

27-48 

41.6 

42.9 

15.5 

8.0 

T-35 

48-76 

24.6 

53.6 

21.8 

8.9 

T-36 

76-94 

42.8 

39.8 

17.4 

7.9 

T-37 

94-120 

38.4 

50.8 

10.8 

6.9 
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Preplant  Analysis  of  Soil/Overburden  Material  (cont'd) 


Sample 

Plant   Available 

No. 

Zn 

Fe 

Cu 

Mn 

pprn 

ppm 

ppm 

ppm 

T-1 

<0.1 

0.2 

<0.1 

2.1 

T-2 

<0.1 

<0.1 

<0.1 

2.8 

T-3 

<0.1 

2.7 

<0.1 

23-0 

T-4 

<0.1 

7.2 

<0.1 

30.0 

T-5 

<0.1 

9.6 

<0.1 

33.0 

T-6 

<0.1 

0.6 

<0.1 

2.6 

T-7 

<0.1 

0.9 

<0.1 

2.3 

T-8 

<0.1 

0.6 

<0.1 

7.1 

T-9 

<0.1 

2.4 

<0.1 

24.0 

T-10 

<0.1 

2.2 

<0.1 

27.0 

T-1 1 

<0.1 

3.6 

<0.1 

28.0 

T-1 2 

<0.1 

6.5 

<0.1 

31.0 

T-1 3 

<0.1 

0.8 

<0.1 

2.5 

T-1  4 

<0.1 

0.4 

<0.1 

1.3 

T-15 

<0.1 

2.8 

<0.1 

18.0 

T-1 6 

<0.1 

6.3 

<0.1 

29.0 

T-17 

<0.1 

4.8 

<0.1 

28.0 

T-1 8 

<0.1 

10.0 

<0.1 

29.0 

T-1 9 

<0.1 

0.2 

<0.1 

1.3 

T-20 

<0.1 

0.6 

<0.1 

2.3 

T-21 

<0.1 

0.2 

<0.1 

3-5 

T-22 

<0.1 

0.2 

<0.1 

13.0 

T-23 

<0.1 

0.5 

<0.1 

11.0 

T-24 

<0.1 

1.3 

0.3 

17-0 

T-25 

<0.1 

2.6 

0.5 

8.6 

T-26 

<0.1 

5.2 

0.4 

26.0 

T-27 

<0.1 

0.5 

<0.1 

0.9 

T-28 

<0.1 

0.6 

<0.1 

1.7 

T-29 

<0.1 

0.8 

<0.1 

1.1 

T-30 

<0.1 

0.9 

<0.1 

6.4 

T-31 

<0.1 

6.0 

<0.1 

14.0 

T-32 

<0.1 

<0.1 

<0.1 

1.0 

T-33 

<0.1 

1.1 

<0.1 

9.1 

T-34 

<0.1 

4.5 

<0.1 

23.0 

T-35 

<0.1 

2.0 

<0.1 

28.0 

T-36 

<0.  1 

10.0 

<0.1 

28.0 

T-37 

<0.1 

18.0 

<0.1 

33.0 

Table  39 
Sheet  3  of  7 


Preplant  Analysis  of  Soil/Overburden  Material  (cont'd) 


Sample  Saturation  Plant  Available 

No.  Extract 


Ca  Mi 


me/1 

me/1 

ppm 

ppm 

T-1 

3.1 

2.1 

<0.  V 

58 

T-2 

1.2 

1.6 

<0.1 

11 

T-3 

0.4 

2.5 

<0.1 

14 

T-4 

0.2 

2.3 

<0.1 

26 

T-5 

0.3 

1.9 

<0.1 

33 

T-6 

1.1 

1.1 

<0.1 

47 

T-7 

1.0 

2.0 

<0.1 

15 

T-8 

22.7 

68.1 

<0.1 

34 

T-9 

5.0 

42.2 

<0.1 

48 

T-10 

20.2 

32.4 

<0.1 

63 

T-1 1 

6.2 

19.6 

<0.1 

68 

T-1 2 

20.6 

28.2 

<0.1 

58 

T-13 

0.8 

2.3 

<0.1 

58 

T-14 

1.3 

1.9 

<0.1 

6 

T-15 

0.4 

2.0 

<0.1 

10 

T-1 6 

0.7 

2.2 

<0.1 

19 

T-1? 

0.9 

5.6 

<0.1 

28 

T-18 

0.3 

2.7 

<0.1 

29 

T-19 

5.5 

3.2 

<0.1 

83 

T-20 

1.9 

2.0 

<0.1 

14 

T-21 

0.5 

1.8 

<0.1 

18 

T-22 

0.7 

4.2 

<0.1 

42 

T-23 

1.7 

10.2 

<0.1 

77 

T-24 

24.0 

51.9 

1.0 

37 

T-25 

4.5 

6.4 

<0.1 

52 

T-26 

21.1 

107.2 

<0.1 

52 

T-27 

3.3 

1.6 

1.0 

73 

T-28 

2.9 

0.9 

<0.1 

29 

T-29 

1.8 

0.7 

<0.1 

6 

T-30 

2.1 

1.6 

<0.1 

2 

T-31 

0.6 

1.8 

<0.1 

11 

T-32 

2.9 

1.7 

2.0 

121 

T-33 

9.7 

14.9 

<0.1 

77 

T-34 

3.0 

22.9 

<0.1 

108 

T-35 

5.9 

54.2 

<0.1 

147 

T-36 

2.8 

25.8 

<0.1 

107 

T-37 

0.4 

13.8 

<0.1 

84 
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Preplant  Analysis  of  Soil/Overburden  Material  (cont'd) 


Sample 

SAR 

pH(Paste) 

Sat.% 

EC 

No. 

mmhos/cm 

T-1 

0.1 

6.9 

38.5 

0.60 

T-2 

0.2 

7-9 

39.3 

0.34 

T-3 

0.5 

8.2 

35.0 

0.36 

T-4 

1.5 

8.4 

34.3 

0.44 

T-5 

3.1 

8.4 

33.2 

0.58 

T-6 

4.3 

7.8 

44.0 

0.82 

T-7 

11.8 

8.2 

62.1 

1.90 

T-8 

16.1 

8.1 

51.8 

14.00 

T-9 

17.9 

8.1 

50.2 

10.00 

T-10 

13.6 

8.1 

45.9 

9.50 

T-1 1 

17.2 

7.8 

52.7 

8.00 

T-12 

11.9 

7.8 

49.1 

8.00 

T-13 

0.2 

7.4 

23.8 

0.56 

T-m 

0.3 

8.0 

39.5 

0.36 

T-15 

3-9 

8.4 

36.3 

0.70 

T-16 

11.3 

8.5 

31.7 

1.10 

T-17 

10.  4 

8.6 

33.5 

2.50 

T-18 

11.9 

8.6 

32.1 

1.90 

T-19 

0.1 

7.0 

42.0 

0.94 

T-20 

2.1 

8.0 

34.5 

0.46 

T-21 

3.7 

8.4 

37.0 

0.62 

T-22 

9.3 

8.4 

46.1 

2.00 

T-23 

9.9 

8.3 

45.3 

3.60 

T-24 

1.9 

7.8 

55.5 

6.00 

T-25 

0.6 

7.6 

44.5 

1.20 

T-26 

6.8 

8.3 

54.9 

12.00 

T-27 

0.1 

6.7 

34.4 

0.68 

T-28 

0.1 

7.4 

28.8 

0.46 

T-29 

2.5 

7.9 

31.8 

0.26 

T-30 

0.1 

8.1 

30.1 

0.42 

T-31 

0.2 

8.6 

35.0 

0.26 

T-32 

0.1 

6.7 

50.1 

0.53 

T-33 

4.9 

7.9 

40.9 

3.80 

T-3M 

9.8 

8.4 

29.5 

6.50 

T-35 

17.3 

8.5 

42.2 

12.00 

T-36 

18.4 

8.6 

35.0 

8.10 

T-37 

16.6 

8.4 

26.5 

5.60 
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Preplant  Analysis  of  Soil/Overburden  Material  (cont'd) 


Sample  Total  Analysis 

No. 


T-1 

8.3 

T-2 

7.6 

T-3 

7.4 

T-U 

7.8 

T-5 

8.9 

T-6 

10.3 

T-7 

11.5 

T-8 

10.3 

T-9 

10.9 

T-10 

10.4 

T-1 1 

10.7 

T-1 2 

11.2 

T-13 

9.7 

T-m 

8.9 

T-15 

9-1 

T-16 

9.1 

T-17 

9.0 

T-18 

10.2 

T-19 

10.7 

T-20 

10.3 

T-21 

8.3 

T-22 

10.4 

T-23 

10.5 

T-24 

12.0 

T-25 

9.6 

T-26 

8.3 

T-27 

6.0 

T-28 

6.0 

T-29 

5.6 

T-30 

5.5 

T-31 

4.7 

T-32 

8.8 

T-33 

9.1 

T-34 

7-7 

T-35 

11.7 

T-36 

9.1 

T-37 

10.7 

Mo  As 


ppm  ppm  ppm 


0  11.0 

0  8.3 

0  7.4 

0  10.0 

0  9.9 

0  19.0 

0  14.4 

0  21.6 

0  18.1 

0  13-9 

0  11.9 

0  11.0 

0  21.1 

0  12.9 

0  7.1 

0  10.5 

0  12.1 

0  10.0 

0  19.8 

0  15.1 

0  10.5 

0  11.6 

0  13.6 

0  26.9 

0  26.1 

0  12.9 

0  10.6 

0  12.6 

0  11.6 

0  8.7 

0  11.7 

0  16.6 

0  12.3 

0  10.7 

0  16.0 

0  12.8 

0  13.7 


Table  39 
Sheet  6  of  7 


Preplant  Analysis  -  DTPA  -  Extractable  Ni ,  Cd ,  and  Pb* 

Element  (ppm) 


Sample 

Ni 

Cd 

Pb 

T-l 

1.0 

0.03 

0.4  5 

T-1P 

1.0 

0.02 

0.29 

T-2 

0.8 

0.03 

0.31 

T-2P 

0.7 

0.01 

0.28 

T-3 

0.3 

0.01 

0.35 

T-3P 

0.4 

0.01 

0.25 

T-4 

0.3 

0.01 

0.37 

T-4P 

0.3 

0.01 

0.26 

T-5 

0.4 

0.03 

<0 

T-5P 

0.4 

0.03 

0.29 

T-6 

0.6 

0.02 

0.44 

T-6P 

0.9 

0.02 

0.49 

T-7 

0.6 

0.01 

0.55 

T-7P 

0.6 

0.01 

0.45 

T-8 

0.8 

0.02 

0.53 

T-8P 

0.7 

0.01 

0.20 

T-9 

0.7 

0.03 

0.40 

T-9P 

0.8 

0.02 

0.42 

T-10 

0.7 

0.02 

0.37 

T-10P 

0.8 

0.01 

0.31 

T-ll 

0.7 

0.02 

0.41 

T-11P 

0.8 

0.02 

0.41 

T-12 

0.6 

0.02 

0.50 

T-12P 

0.8 

0.02 

0.39 

T-13 

1.1 

0.03 

<0 

T-13P 

1.0 

0.03 

0.29 

T-14 

0.2 

0.03 

0.28 

T-1AP 

0.7 

0.01 

0.24 

T-l  5 

0.5 

0.01 

0.00 

T-15P 

0.4 

'  0.00 

0.25 

T-16 

0.4 

0.02 

0.03 

T-16P 

0.4 

0.03 

0.02 

T-17 

0.4 

0.02 

0.23 

T-17P 

0.4 

0.01 

0.33 

T-18 

0.4 

0.03 

0.26 

T-18P 

0.4 

0.01 

0.25 

T-19 

0.7 

0.04 

<0 

T-19P 

0.9 

0.03 

0.34 

T-20 

0.6 

0.01 

0.11 

T-20P 

0.6 

0.01 

0.29 

*  "P"  following  sample  number  indicates 
postharvest  level. 
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Preplant  Analysis  -  DTPA  Extractable  Ni ,  Cd ,  and  Pb* 

Element  (ppm) 


Sample 

Nl 

Cd 

Pb 

T-21 

0.5 

0.02 

0.38 

T-21P 

0.5 

0.01 

0.32 

T-22 

0.6 

0.02 

0.49 

T-22P 

0.6 

0.02 

tT.4  5 

T-23 

0.6 

0.03 

0.46 

T-23P 

0.8 

0.02 

0.58 

T-24 

0.6 

0.03 

0.66 

T-24P 

0.7 

0.02 

0.48 

T-25 

0.7 

0.01 

0.88 

T-25P 

0.8 

0.01 

0.76 

T-26 

0.7 

0.01 

0.07 

T-26P 

1.7 

0.01 

0.40 

T-27 

0.6 

0.04 

0.31 

T-27P 

0.7 

0.03 

0.35 

T-28 

0.6 

0.03 

0.24 

T-28P 

0.9 

0.01 

0.32 

T-29 

0.5 

0.01 

<0 

T-29P 

0.7 

0.01 

0.19 

T-30 

0.5 

0.02 

0.25 

T-30P 

0.5 

0.00 

0.23 

T-31 

0.4 

0.00 

0.29 

T-31P 

0.4 

0.03 

0.20 

T-32 

0.7 

0.04 

0.41 

T-32P 

0.7 

0.04 

0.39 

T-33 

0.8 

0.01 

0.27 

T-33P 

0.9 

0.02 

0.09 

T-34 

0.5 

0.02 

0.24 

T-34P 

0.5 

0.03 

0.22 

T-35 

0.6 

0.01 

0.44 

T-35P 

0.7 

0.00 

0.38 

T-36 

0.6 

0.01 

0.27 

T-36P 

0.8 

0.01 

0.31 

T-37 

0.6 

0.02 

0.13 

T-37P 

0.6 

0.01 

0.30 

*  "P"  following  sample  number  indicates 
postharvest  level. 


Table  40 


Plant  Yield  Data 


Sample  Fresh  Dry 

No.  Weight  Weight 

g./pot  g./pot 

T-1  4.18  >  0.64 

T-2  2.94  0.44 

T-3  2.54  0.34 

T-4  2.44  0.39 

T-5  3.24  0.47 

T-6  4.42  0.67 

T-7  1.71  0.27 

T-8  1.82  0.34 

T-9  1.65  0.28 

T-10  1.09  0.23 

T-1 1  1.42  0.31 

T-12  1.66  0.32 

T-13  1.37  0.31 

T-1 4  2.19  0.32 

T-1 5  1.71  0.25 

T-16  1.86  0.30 

T-17  2.58  0.37 

T-1 8  2.59  0.37 

T-19  3.43  0.52 

T-20  2.04  0.33 

T-21  0.89  0.19 

T-22  0.75  0.15 

T-23  0.77  0.15 

T-24  1.20  0.28 

T-25  1.60  0.37 

T-26  2.00  0.34 

T-27  5.09  0.74 

T-28  5.15  0.85 

T-29  3.50  0.50 

T-30  4.80  0.68 

T-31  3.65  0.62 

T-32  2.98  0.45 

T-33  0.95  0.21 

T-34  1.25  0.20 

T-35  1.43  0.24 

T-36  1.40  0.23 

T-37  1.46  0.28 

Control  6.51  1.34 


Although  many  of  the  parameters  were  statistically  significant,  the  "R"  values 
were  generally  low.   Furthermore,  "R"  values  which  indicate  the  proportion  that 
may  be  attributed  to  that  parameter  were  low.   For  example,  the  best  correlation 
occurred  with  Boron  (R=0.0604).   The  R2  value  for  this  relationship  was  0.365, 
i.e.,  approximately  36.5%  of  the  variation  could  be  attributed  to  boron.   Other 
parameters  which  had  a  fairly  high  "R"  value  were  %  sand,  SAR,  %  clay,  pH,  % 
silt,  and  EC   These  parameters  are  known  to  affect  soil  physical  problems  such 
as  crusting,  surface  sealing  and  permeability.   Therefore,  it  is  possible  that 
these  parameters  impacted  germination  and  later  plant  development. 

Plant  Tissue  Analysis     ~- 

Table  47,  Appendix  E,  provides  the  data  on  the  tissue  analysis  of  plants  grown 
in  the  37  samples.   In  evaluating  this  data,  the  information  by  Bauer  (1976)  for 
the  Consolidated  Coal  Company,  Stranton,  North  Dakota,  was  used  for  comparison. 
Table  48,  Appendix  E,  provides  this  comparison.   In  general,  the  data  obtained 
was  similar  to  that  reported  in  the  literature.   The  percent  magnesium  was  con- 
siderably higher  in  our  analysis.   However,  it  was  within  the  range  reported  for 
other  species  grown  on  coal  mine  spoil  material.   This  data  was  correlated  with 
dry  weight  of  plants  to  determine  which  parameters  possibly  influenced  plant 
growth  to  the  greatest  extent.   The  correlation  coefficient  for  the  tissue  anal- 
ysis data  versus  dry  weight  of  plants  is  shown  in  Table  4  9,  Appendix  E. 
Phosphorous,  calcium,  sodium,  boron,  manganese  and  molybdenum  had  a  statisti- 
cally significant  correlation  with  dry  weight.   A  multiple  linear  regression 
using  these  six  parameters  gave  a  R2  of  0.653,  indicating  that  65%  of  the 
variability  is  probably  attributed  to  these  variables.   The  coefficient  of 
multiple  correlation  (R)  was  0.808,  which  is  good. 

Postharvest  Analysis  of  Soil  and  Overburden 

The  postharvest  analytical  data  are  shown  in  Table  50  for  the  available  soil 
analysis  and  Table  51  for  the  total  soil  analysis.   Tables  52  and  53  indicate 
the  correlation  coefficient  for  this  data  vs.  the  dry  weight  of  plants. 

Postharvest  data  are  meaningless  in  small  pot  studies.   Several  variables  such  as 
leaching,  root  extension,  wetting  and  drying,  etc.,  will  affect  the  results. 

Summary  of  Findings 

The  following  is  a  summary  of  findings  based  on  the  data  collected  in  this  greenhouse 
study: 

1.  Germination  of  barley  occurred  in  all  soils. 

2.  Soil  crusting,  compaction,  cracking  and  other  soil  surface  problems  were 
very  prominent  in  many  of  the  soils.   Future  evaluations  should  consider  soil 
physical  parameters. 

3.  The  concentration  of  metals  in  the  samples  prior  to  planting  did  not 
indicate  any  toxic  levels. 

4 .  SAR  and  EC  values  were  high  for  several  samples  and  could  affect  plant 
growth. 
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5.  Four  of  the  seven  sample  groups  showed  significant  differences  in  dry 
weight  yields  as  related  to  soil/overburden  depth.   Yield  in  the  surface  layer 
was  generally  significantly  better. 

6.  The  low  shoot/root  ratio  in  some  of  the  samples  tested  indicated 
possible  toxicity  to  plant  growth.   More  study  is  needed  in  this  area. 

7.  Plant  tissue  analysis  showed  that  six  elements  (P,  Ca ,  Na,  B,  Mn,  and 
Mo)  were  significantly  correlated  with  plant  dry  weights. 

8.  Most  of  the  elements  analyzed  were  within  ranges  reported  in  the 
literature. 

The  greenhouse  serves  as  a  valuable  tool  for  stratifying  soil  and  overburden 
materials  as  to  their  relative  productivity.   This  type  of  evaluation  appears  to 
be  a  very  useful  part  of  a  screenable  testing  program.   The  combined  greenhouse 
and  laboratory  data  are  keys  to  identifying  the  nature  and  extent  of  further 
evaluations  that  are  necessary  to  accurately  predict  revegetation  potential  of 
various  soils  and  overburden. 
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Tables  50  and  51 


Table  50  -  Postharvest  Available  Soil  Analysis  (ppm) 


Standard 

Coefficient 

Anal  j 

rsis 

Mean 
8.3 

Range 

Deviation 
0.44 

of 

Variation 

pH 

7.3 

-   8.9 

0.05 

CEC 
P 

7.7 

0 

-  51.0 

14  .26 

1.85 

K 

113.19 

46.0 

-24 4  .0 

51.99 

0.46 

Zn2 



<0.1 

-  4.9 





Cu2 



<0.1 

-   1.5 





Mn 

23.49 

2.6 

-  59.0 

18.17 

0.77 

Fe 

3.06 

0.5 

-  11.0 

2.66 

0.87 

DTPA 

Ni 

0.69 

0.3 

-   1.7 

0.25 

0.36 

DTPA 

Pb 

0.32 

0.02 

-  0.76 

0.13 

0.41 

DTPA 

Cd 

0.02 

0 

-  0.04 

... 

—  —  — 

1  CEC  -  see  preplant  data 

2  Majority  of  samples  below  detectable  limits. 


Table  51  -  Postharvest  Total  Soil  Analysis  (ppm) 


Coefficient 
Analysis        Mean  Range  Deviation       of  Variation 


Standard 

Range 

Deviation 

5.3  -   19.87 

3.62 

10.2  -  234  .3 

35.35 

B  11.34       5.3  ■   19.87         3.62  0.32 

Mo*  

As  26.91      10.2  ■■  234.3         35.35  1.31 


*  Majority  of  samples  were  below  detectable  limits 


Tables  52  and  53 


Table  52  -  Postharvest  Available  vs 
Dry  Weight  Correlation  Coefficients 


Dry  Wt. 

Co 

rrelation 

vs . 

Co 

efficient 

Fe 

-.121 

Mn 

-.474 

Cu* 



Zn* 



P 

.685 

K 

.355 

pH 

-.599 

DTPA-Ni 

.034 

DTPA-Pb 

-.037 

DTPA-Cd 

.123 

*  Majority  of  samples  were 
below  detectable  limits. 


Table  53  -  Postharvest  Total  vs. 
Dry  Weight  Correlation  Coefficients 


Dry  Wt.  Correlation 

vs .  Coefficient 

B  -.482 

Mo*  

As  -2.00 


*  Majority  of  samples  were 
below  detectable  limits. 
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APPENDIX  A 
ENGLISH  TO  METRIC  CONVERSIONS 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 


Multiply  English  Units 

Inches 
Feet 
Miles 
Acres 

Square  Miles 
Acre-Feet 
Cubic  Yard 
Feet  Per  Mile 
Btu  Per  Pound 


By. 

25.40  Millimeters  (mm) 

0.3048  Meters  (m) 

1.609  Kilometers  (km) 

0.4047  Hectares  (ha) 

0.004047  Square  Kilometers  (km2) 

2.590  Square  Kilometers  (km2) 

0.001233  Cubic  Hectometers  (hm3) 

0.7646  Cubic  Meter  (m3) 

0.1894  Meters  Per  Kilometer  (m/km) 

0.556  Kilogram  Calories  Per 
Kilogram  (kcal/kg) 


Pounds 


453.60 


Grams  (g) 
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114.5 

116.0 

163.0 

175.0 
190.0 


Lithology         Corr 


bn.  SAND 

soft  SS 
hd.  SS 


soft  SS 

SH 

COAL  (K) 

gr.  shaley  SS 
gr.  soft  SS 

TD 


InfraSearch 

Billings,  Montana  59102 


Montco 

R.  Womack 

1  "0       A 

Driller: 

K.   Wheeler 

Log     _ 

—    .      WUckr 


*_rw._r~ 


O 


::P 


T 


s\ 


?f 


PageJ of 2 

P,o),ct:    Montco  Fed.    Expl.  Hole  No.:    2451 8-2(  pi  lot ) 

state       Montana county      Powder  River 

n      45E 


Location: 
SecJB_ 


— | — | — 1 — | 

*4 


-+- 


t._2S_ 


Coordinates:  N      622,781 


Elevation:     3292.4 

p      2,835,518 


Teton 


Drilling  Contractor: 

Drilling  Method: Rotary 

Date  Started ■      6/9/78 Icompleted : 6/9/78 


-Diameters 


Depth:  Top  Soil :_ 


-Alluvium:. 


-Water: 


0.0     12.0 


12.0 


44.0 

54.0 

54.0 

75.0 

75.0 

85.0 

85.0 


123.0 
134.0 
135.6 
142.5 

152.0 
161.5 

162.9 


198.0 


44.0 


123.0 


134.0 
135.6 
142.5 
152.0 

161.5 
162.9 

198.0 


201.0 


Lithoiogy  Comments 


fztzi  bn.  sandy  CLAY 


yellowish  to  grayish  bji 
SAND  (weathered  ss) 

yellowish  bn.   soft 

v.f.g.   SS 

pale  gr.  soft  sandy  SH 

pale  gr.  soft  sandy  SH 
w/  coal  stringers 


yellowish  bn.  soft 
v.f.g  shaley  SS 

dk.  gr.  shaley  SS 

COAL 

gr.  CLAYST  S  carb.  sh 

gr.  sandy  SH 

COAL  (UK) 
gr.  CLAYST 

COAL  (MK) 


gr.  CLAYST 


IniraSeerch 

Billings.  Montana  59102 


Client:. 


Montco 


R.   Womack 


Geologist: 

Driller:  K.   Wheel er 


-Log X_ 

-Log 


Plate  11 
Page_2__of 2_ 


p/oject :    Montco  Fed.    Expl.  »„■. No. ■    24518-2(pilotl 
Bute       Montana county       Powder  River 


Location: 
SecJiL 


1   r 
i 

— j— 

i 
i 

i 
i 

— j— 

i 

2S 


r    45E 


Coordinates:  N   622,781 


Elevation:     3292.4 

F    2,835,518 


Teton 


Drilling  Contractor: 

Drilling  Mwlhnd-  Rotary 

Dato  Sfrtnd-       6/9/78 


-Diameters 


Depth:  Top  Soil: 


Completed  •      6/9/78 

Alluvium: Water: 


201 .01222.0 


222.0 


240.0 


240.0 


Lilhalogy  Comments 


gr.  sandy  SH 

gr.  sandy  SH  w/  coal 
stringers 


TD 


Plate   12 


IntraSearch 

Billings,  Montana  59102 


Client: 


Montco 


Geologist:  __EJ_JlQJiaC_k_ 

Driiier:  K.   Wheeler 


.Log — &_ 
.Log 


Pago__l__o1 L 

Project :    Montco   Fed.    Expl  .  Hnu  No. •    24518-2C 
stnt«       Montana ro.mty       Powder  River 

r         ?S      w      45F 


*M.'IV"' 


-_   Ti«>^t    A.wkf 

.< l«  .      . 

— .        i*  .       — 

'L.    n..*»1fr,"V~ 


— »  .    ^«Lle■lc  Cot 
._        tvit       .   __ 

... -.       V.U«         .       - 
.._  Wiulu         ._ 

& 

M.      n~,i  _  _ 


_..«»  V-l  .. 

«...         K  •....»> 

I"  .  \i<:    : :: 


. 


**•  *7*    £cp**  . 


7  IS 

7  «S 


!         ! 


/' 


•i  • 

«r-t ' 


1 

--4- 

l 

Y    I 

1 
1 

i 

i 
-4-- 

1 

i 
i 

--4-- 

1 

1 

Location: 
SecJLSL 

Coordinates.  N       622,789 
Drilling  Cnnlrarinr:  Teton 

Drilling  Method Rotary 


Elevation :     3291  .0 

2,835,510 


JDiameter: 


NX 


Date  Started  :__6/3ZZB Completed •      6/9/78 

Depth:  Top  Soil: Alluvium: Water: 


Depth 


I 


•d' 

[_-  ti~— ■ 

Ik 
Si 


\ 

j_  r. 


a  m  1    . 


jC 


4 


0.0 
12.0 

l 

i 

i 

i 

i 

!   44.0 

!    53.5 
75.0 

i 

I 

| 

1  85.0 

123.0 

133.0 
134.6 
141.5 

152.0 
161.5 

162.9 

1197.8 

201.0 

220.0 


12.0 

44.0 

53.5 

75.0 
85.0 

123.0 

133.0 

134.6 
141.5 
152.0 

161.5 
162.9 

197.8 

201.0 
220.0 


Cored 
Interval 


Litholoc./  Comments 


-  128.5- 


-  199.3- 


bn.   sandy  CLAY 


yellowish  to  grayish  b(i 
SAND  (weathered  ss) 


yellowish  bn.   soft 
v.f.g.   SS 

pale  gr.  soft  sandy  SH 

pale  gr.  soft  sandy  SH 
w/  coal   stringers 


yellowish  bn.  soft 
v.f.g.   shaley  SS 

dk.   gr.   shaley  SS 

COAL 

gr.   CLAYST  &  carb.sh 

gr.   sandy  SH  (some 

gr.   CLAYST 

COAL   (MK) 

gr.   CLAYST 
gr.   sandy  SH 

r 

TD 


Plate   13 


IrttraSearch 

Billings.  Montana  591  "2 


Page_ 


_o»_ 


Client: 


Montco 


Geologist: 
Driller: 


J.    Hamilton 


-Log_ 


V.    Koerner 


-Log. 


rw-r^''^** 


....  r»-o»>. 

—  r.-,^t.  A.^r_ 

...         Jo       .. 

—  i*      _ 

—  fkwder    R..»i-_ 


— L«J\o-l. 

~.  . l-i5)l    . 

~--  _  C..l«.»f. 


e~_- lOOj 

._-_  HI' 

_- £».-.-•  .  D«.«,t, 

.__    .        K    loth 

—  ll_    I'kL' 

— S'V 


Pmj»pr   Montco  Fed.   Expl  .  Hm.  Nn  ■   24530-2( pi  1  ot ) 


sute       Montana 


.County. 


Powder  River 


Location: 


1 
1 

-x-f— 

— i — 

i 
-4-- 

i 

i 

1 

--4— 
i 

■ 

i 
i 

-4-- 
i 

i 

2S 


45E 


Elevation :       ic-ic.  .4 


Coordinates:  n     613,477  P    2,836,317 

Drilling  Contractor:.^ 

Drilling  Method: Rotary 


Diameter: 


Date  Started:      7/25/78 Completed ^_7/25/78_ 

Depth:  Top  Soil : Alluvium: Wator: 


Depth 


0.0 

14.0 
33.0 

43.0 

88.0 
96.0 


116.0 
123.5 


126.8 


178.0 
179.5 
190.5 
193.0 

200.0 


14.0 

33.0 
43.0 

88.0 

96.0 
116.0 


123.5 
126.8 


178.0 


179.5 
190.5 
193.0 
200.0 


Cored 

Interval 


Lilhology  Comments 


5?:-:  yellowish  bn.  CLAYST 


gr.  &  bn.  shaley 
SILTST  &  SS 
pale  gr.  SH,  coal 
stringers 


greyish  bn.  v.f.g 
shaley  SS 


*KS? 

gr. 
gr. 

sandy  5  silty 

>r~_. 

shaley  f.g.   SS 

gr.   SH 

carb.   SH,  coal   lenses 


COAL   (K) 


Vi'vWV 


gr.   CLAYST 


gr.  f.g.   SS 

^r^  gr.  CLAYST 

gr.  sandy  SH 

TD 


IntmSearcb 

Billings,  Montana  59102 


Pago. 


1 


nii.m  • 

Montco 

Geologist:. 

C.   Murphv 

Drillnr- 

V.   Koerner 

1  ng 

Proiact:   Montco  Fed.   Expl    u„i. Mn.    24530-2C 

sate       Montana County      Powder  River 

t       2S        p      45E 

Elevation:     3232.4 

F    2,836,310 


Ltthology  Comments 


-Diameter  :_£1X_ 


Completed :      7/26/78 
Alluvium: Water: 


1^1  yellowish  bn.  CLAYST 

gr.   &  bn.   shaley  SILTst 
&  SS 

pale  gr.   SH,   coal 
stringers 

greyish  bn.   v.f.g. 
shaley  SS 


gr.  sandy  &  silty  SH 

gr.  shaley  v.f.g.  SS 

gr..  SH 

carb.  SH,  coal  lenses 

COAL  (K) 


gr.  CLAYST 
gr.  v.f.g.  SS 
r.  interbedded  CLAYST 
v.f.g.  SS 

gr.  f.g.  SS,  hd.  at  top 


IrrtraSearch 

Billings.  Montana  59102 


Client- 

Montco 

Geologist: 

C.   Murphy 

1  ng       " 

Drillnr- 

V.   Koerner 

.      .    Log 

Plate  14 

Paga_2_of fc_ 

Project:     MpntCO    Fed.     Expl.Hnl.  Nn:     2453Q-2C 

sute       Montana cm.nty      Powder  River 

2S       R      45E 


Location: 

sw  30 


■X+--+-- 


--+- 


-4- 


Coordinates:  N      613.477 


Flavatinn-     3232.4 

p      2,836.310 


Drilwest 


-Diameter  :_HX_ 


Drilling  Contractor: 

Drilling  Mpthori-  Rotary 

Date  Started :  7/26/78  r^mpiBfri  7/26/78 

Depth:  Top  Soil: Alluvium: Water: 


Depth 


212.5 

223.0 
226.0 
234.0 
236.0 

240.0 


223.0 
226.0 
234.0 
236.0 
240.0 


Lrthology  Comments 


gr.  sandy  SH 

gr.  hd.  SS 

gr.  SH 

gr.  hd.   SS 

gr.  SH 

TD 


Plate   15 


IntraSeareh 

B  Mings.  Montana  59102 


Pege_l_ot_L 
24530-  3W 


Client: 


Mont CO 


Prnjnrt       MontCO     Fed.      EXPI        Hnl«  No 

stmii       Montana cwmty       Powder  River 


^p^^0.y       .1,    Hamilton 


Driller: 


V.    Koerner 


.Log &_ 

_Log 


Location: 
Sec --30- 


iwht>'i  n<f  - * 


r~ 

n.^ 

•kF- 

To-q~«.   fl 

r.* 

. 

.     JO        . 



... 

IS 



*5£ 



fV  _<|., 

«... 

r 

n„-t». 

•  — 



' 

,T~ 

KS5D-SU 

(■■...' 


■i»| 

•U  ; 


l4<      dr.lUJ     lu> 


.__..-          la* 

_ 

, C.~~.  .  o...,^ 

— 

._--          v-l           

- K.  »«  th 

— 

~~"'             ..#    » 

-»         .    (.V. 

1 

*_              til          

— , 





— !-.  * 

— 

"—  ]^_. ... 

■ 



—  ...  -  - 

-    -- 

— i  — .- 

— 



— 

■»    — -  ~" 

" 

K.ili 





-*  _ 

_i:  so 

-  - 

— 

.... 

ICQ           

■    „■„.,.—     ■r-TT-r 

-H-: 


._ L 


J_ 


[ 

1 

-+— 

1 

1 

! 
1 

"  +  — 

1 
I 

1 
-Xf~ 

1 

1 

1 

1 

t       2S 


45E 


Elevation:     32  GO.  6 


Coordinates:  N  611,018^"  P     2,836,482 

Drilling  Contractor: Dri'lv/est 

Drilling  Method: 

Date  Started:         7/25/78 


Rotary 


Diameter :       6    7/8 

Completed :         7/25/78 


Depth:  Top  Soil:. 


.Alluvium: 


_Water: 


Depth 


0.0 

8.0 

17.0 

23.5 

41.0 
54.5 

64.5 
72.5 
76.5 

81.0 

114.0 

115.5 


156.0 


209.0 
220.0 


8.0 
17.0 
23.5 

41.0 

54.5 
64.5 

72.5 
76.5 
81  .0 

114.0 

115.5 

156.0 


209.0 


220.0 


Cored 
Interval 


Litholcgy  Comrrienls 

bn.  silty  CLAY 


-SSsZ  gr 


greyish  bn.  SILTST 
yellowish  bn.  SS  &  SIL 

to  bn.  CLAYST0NE 


bn./yr.  SS  &  SILTST 
carb.  SH 

gr.  SILTST 

COAL  (poor  quality) 

carb.  SH 

gr.  SILTST 

gr.  hd.  f.g.  SS 

gr.  SILTST  &  CLAYST 


COAL   (K) 


gr.   SILTST 

TD 
Caseid  to  215'    for  piezometer 


ST 


IntraSearch 

Billings.  Montana  59102 


Montco 

R.   Womack 

I  ng        X 

nrillpr- 

K.   Wheeler 

1  ng 

Pag-'     1 nl     2 

Prnj«rl-     tdOOtCfl     Fed.     Fxpl  ■   Hnl.  Nn        24532-1 

state       Montana county      Powder  River 

T 25 r 4BF 


Location: 
Sec_22_ 


-+ 4 


-4- 


Elevation :  33AB,  2 

E    2.842.624 


Coordinates:  N         609,706 

Drilling  Contractor: TetOII 

Drilling  Method: Rotary 

Date  Started  6/9/78 Completed : 6/9/78 


Diameter  6    7/8 


Dopth:  Top  Soil : 5 Alluvium:. 


-Water: 


0.0         5.0 


5.0 

39.5 
43.8 

60.5 
71.0 


82.5 

130.0 
138.5 
152.0 
159.0 

173.5 
201.0 


39.5 

43.8 
60.5 

71.0 
82.5 


130.0 

138.5 
152.0 
159.0 
173.5 

201.0 
210.0 


Lrthology  Comments 


bn.  CLAY 

CLINKER 

COAL  (S) 
yellowish  bn.  SH 

pale  gr.  sandy  SH 
pale  gr.  shaley  SS 


pale  gr.  sandy  SH 

carb.  SH 

pale  gr.  shaley  SS 
pale  gr.  sandy  SH 
pale  gr.  shaley  SS 


pale  gr.  sandy  SH, 
coal  stringers 

carb.  SH 


Plate  16 


IntraSeancb 

Billings,  Montana  591C2 


Client: 


Montco 


Geologist: 
Driller: 


R.   Womack 


-Log_ 


K.  Wheel er 


_Log_ 


Pnn»      Z     nl      d 

Project:    Montco  Fed.    Expl  .  Hni«  un  ■    24532-1 

stata       Montana tvmnty       Powder  River 


Location: 
Sec-_32_ 


-4 4- 


-4- 


2S 


_R 


45E 


Coordinates:  N   609,706 


Elevation :     3348.2 

2,842,624 


Drilling  Contractor: 
Drilling  Method: 


Teton 


Rotary 


Date  Started ■      6/9/78 
Depth:  Top  Soil        5 


Completed 

Alluvium : Water: 


Diameter  _6_ZZJL 
6/9/78 


210.0 

236.5 
239.2 


242.5 


294.0 


340.0 


236.5 

239.2 
242.5 


294.0 


340.0 


Lilhology  Comments 


gr.  sandy  SH 


_  COAL  (UK) 
a  carb.  SH 


COAL  (MK) 


gr.  sandy  SH 


TD 


IntraSearch 

Billings,  Montana  59102 


Paga_ 


1 


Client: . 


Montco 


H.   Silkwood 


Prci.ct:   Montco   Fed.    Expl.  Hm. Nn ,:    24532-2 

.  state       Montana County       Powder  River 

2S 


IntraSearch 

Billings.  Montana  59102 


Client: 


Montco 


Geologist :         H.     SllkWOOd Log_ 

Driller:  M.     HimnJCUtt Log_ 


Plate  17 
Paga__2_of_t_ 

p^j.r.     Montco   Fed.   Expl  ■  urn..  Nn  ■    24532-2 

s^t,       Montana r^nty       Powder  River 

t       2S        n    45E 


Location: 
Sec    32 


-i— 


-+,--4 


Coordinates:  N 605,637 

Drilwest 


Elevation  :_3287_19_ 

F    2,842,714 


Drilling  Contractor: 

Drilling  Method: Rotary 


_Diameter_ 


Date  SUrted ■         6/9/78                 QompWd :      6/9/78 
Depth:  Top  Soil: Alluvium: Water: 


320.0 


222.0 
241.0 


297.5 


300.5 
307.5 
316.0 
320.0 


Lilhoiogy  Comments 


^r^"  carb.  SH 


:'-^v  gr.  sandy  SH 


COAL  (K) 


gr.  CLAYST 

gr.  soft  SS 

gr.  sandy  SH 

gr.  hd.  SS 

TD 


Plate   18 


intraSeprch 

Billings.  Montana  59102 
Client:  __MontCO_ 


Geologist :     H.     SilkwOOd 

Dniier:        K.   Wheeler 


-Log. 


_Loo_ 


FV.  r.  r^-n  f*f~rit 


••      It        

-—  _  111 . 

«•   .     HUL 


~-  .    *-4>» 


»-«.    ..114        . 
*._     ..     d.    ««•> 

— ~ .  ..  •".  .. 


,,— i— 


.  BUI 
.    If4«_ 


Page_J of I 

Proinr.t:       MOtltCO     Fed.      Fxd1.h»i,  Nln ,:        34412-1 

State        Montana county        Rosebud 

r       44E 


Location: 
Sec.    12 


— i— 
i 

-+■ 


..A. 


i 

■4- 


-4-- 


3S 


Coordinates:  N       598,705 


Elevation  :__?2£LL_6_ 

f     2,834,706 


Drilling  Contractor: 


Teton 


Drilling  Method:  Rotary 


.Diameter :  6    7/8 


Date  Started         6/6/78 
Depth:  Top  Soil: 


-AlluviumL 


.Completed            6/6/78 
Water: 


Depth 


0.0 


120.0 


120.0 


Cored 
Interval 


Lrthology  Comrnents 


CLINKER 


TD 


IntraSearch 

Billings,  Montana  59102 


Client: 


Hontco 


Geologist: 
Driller: 


H.    Silkwnnd 


Paga_L__of 2_ 

Project:     Mnnt.rn    Fpr|,    Fv;pl  lMnln  No  ■  3454-1 

.  state Montana 


-County      Rosebud 


Location: 
Sec_l 


H-x-— I—       t.    3S        _r.  _A5E_ 


4--4- 


Elevation :      3331  .6 

2,848.337 


Coordinates:  N       603,450 

Drilling  Contractor: Teton 

Drilling  Method: Rotary Diameter:     6    7/8' 

Date  Started : 6/6/78  .Completed :       6/6/78 


Depth:  Top  Soil:. 


-Alluvium: 


-Water: 


40.0 


Cored 

Interval 


Lrthology  Comrnenls 


<         < 
V 

7 


CLINKER 


222.0 


gr.  sandy  SH 


plate  19 


JntraSearcft 

Billing;,  Montana  59102 


Client: 


Montco 


Geologist: 
Driller: 


H.    Silkwond 


-Log K_ 


K-  Uheeler 


-Log_ 


i 


1/ 


j     i 


III 


? 


Page_2__ol 2_ 

Propel        MontCO     Fpd.     Fxp1,u^.  No.:    3454-1 

Montana 


State. 


County      Rosebud 


Location: 
Sec_4_ 


4X--  +  - 


-4— -+- 


T._J1S_ 


45F 


Coordinates:  N       603,450 


Elevation :     3331  .6 

2,848,337 


Drilling  Contractor: 

Drilling  Method' 

Date  Stnrfrl-  6/6/78 


Teton 


Rotary 


Diameter :°    TJjj 

.Completed  6/6/78 


Depth:  Top  Soil:. 


-Water: 


222.0 

274.5 
279.0 

302.0 
304.5 

319.5 
340.0 


274.5 

279.0 
302.0 

304.5 
319.5 

340.0 


Lrthology  Comrnenis 


|  COAL  (K) 

gr.  sandy  SH 

gr.  SS 

gr.  SH 

gr.  shaley  SS 

gr.  sandy  SH 
TD 


IntraSearch 

Billings.  Montana  59102 


Montco 

H.    Silkwood 

Driller- 

M.    Hunnicutt 

Log 

Page   1  nl      2 

Pmj«rf    Montco   Fed.    Expl .  Hm.  Nn  ■    3456-1 (offset) 

stai«       Montana county       Powder  River 

r      3S 


Location: 
Sec^JL 


fW-OnK-rrt 


7" 
-+-4-4- 


-4- -4 


45E 


3251.2 


-JV«fCo 

a.  «,,n.  — 4    ^n*<J 
HJ.iHuJ,Mr 


—  _     *SL„ 


-  C.-1-7B 

---  _Dr.l«** 

«-    __  H*  MV,  C-  f  


—  _   .  2S7'. 


— rf.**,ch. 


BS*.S     __ 

_liia  ~ 


Coordinates:  N_ 


604,155 


2,840,054 


Drilling  Contractor: 

Drilling  Method- 

Date  Storied:        6/9/78 


Drilwest 


Rotary 


6  7/8" 


Depth:  Top  Soil: 


Completed  6/9/78 

Alluvium' Water: 


0.0 
8.0 

17.0 

30.0 

52.5 
59.0 
63.0 
73.0 

80.0 

91.0 

106.0 

110.0 

125.0 
130.0 

140.0 


175.8 


8.0 
17.0 

30  ..0 

52.5 

59.0 
63.0 
73.0 
80.0 

91.0 

106.0 

110.0 

125.0 

130.0 
140.0 

175.8 


233.0 


Lithology  Commants 


CLINKER 

SAND  &  broken  rock 

gr.  SH 

yellow  soft  SS 

carb.  SH 

gr.  SH 

yellow  soft  SS 

med.   gr.   sandy  SH, 

coal   stringers 

yellow  SS 

yellow  sandy  SH 

gr.  hd.  SS 

gr.  sandy  SH 

carb.  SH 

gr.   SH,  carb  stringers 


dk.  gr.  SH 


I 


COAL   (K) 


IntraSearch 

Billings,  Montana  59102 


Client: . 


Montco 


Geologist: 
Driller: 


H.    Silkwood 


-Log. 


M.    Hunnicutt 


_Log_ 


_!__ 

i* 

^ 

-  *.S7 

| 

T11 

f 

i 

~\ 

'  1" 

__i 

Plate  20 

Paga       2      nt 2 

„.„,„>.    Montco   Fed.    Expl.  Hoi. No.:    3456-1  (offset) 

st>te       Montana county      Powder  River 

T      3S 
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Elevation: 


3251.2 


Coordinates:  N      604,155 


F    2,840,054 


Drilling  Contractor: 
Drilling  Method: 


Drilwest 


Rotary 
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Coordinates:  N      597,913 

Drilwest 


Elevation :     3265.2 

F    2,842,116 


Drilling  Contractor: 

Drilling  Method: Ro  t  a  ry 


.Diameter: 


6  7/8" 


Date  Str.rtfyd-  7/23/78 Completed l___Z/2_2ZZ8_ 

Depth:  Top  Soil :__•!_ Alluvium: Water: 
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Drilling  Contractor: 

Drilling  Method: Rotary 


Date  Started: 6/6/73 


.Completed :      6/6/78 


Depth:  Top  Soil:. 
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.Alluvium: 
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Location: 
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Elevation :     3243.6 


Coordinates:  N         595,043 


2,844,382 


Drilling  Contractor: 

Drilling  Method-  Rotary 

Date  Sturturt-  6/6/78 


Drilwest 


.Diameter:. 


Depth:  Top  Soil: 


5' 


—Completed  6/6/78 
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Elevation :     3244.0 


Coordinates:  M  595,049  E     2,844,388 

Drilling  Contractor:^ 

Drilling  Mathnrt-  Rotary DiamptPr:    6    7/8' 

Date  Rtnrtpd  6/6/78 Cnmplntnri-        6/7/78 

Depth:  Top  Soil  :__JL!_Alluvlum: w«mr-       120' -140 
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45E 


Elevation:    3244.0 


Coordinates:  N  595,049 


2,844,388 


Drilling  Contractor:, 

Drilling  Mnthnrl-  Rotary 

Date  Started: 6/6/78 


Drilwest 


Diamatpr:    6    7/8 


-Completed  ■      6/7/78 


Depth:  Top  Soil: 


5' 


-Alluvium:. 


w^.1201-  140' 
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APPENDIX  D 
SOIL  AND  OVERBURDEN 


Plate    27 


T3J-Q  *i  £ 


GU 


2000'  S  and  200' 
of  Nw  corner. 
2-41  (complex), 

bottom.  Al:  0-4 
B2t:  4-12"  (m2pr 
m2abk),  B3ca:  12 
30"(mlpr/mlsbk), 
Clca:  30-48", 
48-72",  C3:  72 


:2: 


12 


all 


:   96" 


€U 


Al: 


0-3", 


3-9" 


Bake 


fin. 


©K. 


1SO0'  N  «nd  1200' 
of  SW  corner.  2-< 
(complex) ,    foot- 


18"    (m2pr/m2ebk)  . 


7.0,  Gyp.  Req. 
+  4.1.  Lab  tc 
0-12"  -  SCI. 


1200'    N   and   BOO'    E 
of   SW  comer. 
2-41    (single),    foot- 
Blope.     Al:    0-2", 
B21:      2-6"    (mlpr/ 
mlabk),    B22t:    6-12" 
(m2pr/m2sbk).      B3ca: 
12-18".   Clca:    18- 
36",   C2:    36-60", 
C3:    60-120"  +. 


i-60"   : 


12.  ( 


SAB   ■ 
Gyp.    Req.    - 


@n. 


a- 


2-61    (complex). 
eldeelope.      401   of 
unit    has   slick 
apota.      Al:    0-1", 
AB:    1-5",   B2t:    5- 
9"    (ni2cpr/m2abk) , 
B3:    9-18",  Clcr: 
18-60",   R:    60"  + 
(ahale).      18-42" 
zone  -  Gyp.    Req.    - 
-5.3,    lab    texture   - 
S1L. 


1250'    N    and    400 
of    Sk. 

2-4Z    (complex). 

0-4",  B21:  4-8" 
(m2pr/m2Bbk).  B 
8-24"  (m2pr/m4f 
abk),  B3:  24-30' 
Clca:  30-48",  C 
48-72",  R:  72"  ■ 
ale). 


8-72" 


L  -  9.' 


Gyp. 


** 


and 

100' 

E 

2- 

« 
de* 

HF 

ex), 
Al: 

0- 

B2t: 

4-12' 

m2«bV 

),   B3 

12 

-IB 

r/rals 

>k) 

CI 

18-3( 

',  a 

30 

-48 

,  C3: 

48- 

©^ 


(n2pr/m2abk),  B22t: 
9-1B"  (m2pr/o2abV), 
B3ca:  18-30",  Clca: 
30-48".  C2:  4B-72". 
C3:    72-96",   C4:    96- 


of 
2- 

41 

(compl 

ex), 

ti 

ale 

a.    Al: 

0- 

B2t: 

1,-9" 

(w 

2Pr 

/m2sbk).    B3: 

9- 

24" 

,   Clca 

24-4 

C2 

:    42-90", 

C3cr: 

""ahai 

(s 

and 

e).    42 

66 

'   i 

SAR  - 

20 

.0, 

Gyp. 

Req.    - 

©^ 


-5*e.  g-  rjs  e  *f£ 


B2:  4-9"  (c2pr/ 
n2abk),  B3ca:  9- 
12"  (clpr/mlabk), 
Clca:  12-36",  C2: 
36-60",  C3cr:  60- 
84"  (soft  sandy 
ahale),    C4cr:    84- 


'-a 


¥ 


3^L 


."^ 


2100 

S  of 

Hh. 

0-22 

(comp 

ex). 

1    basin. 

0-3", 

B21: 

3-9" 

/mfcfabk) 

B22: 

9-24 

(c2pr/ 

c2abk),    B3 

a:    24- 

30" 

clpr/ 

nlabk)  , 

Clca 

30-42",   C2ca 

@T^ 


©-^ 


© 


"    (Bendy    shale) 

84-120" 
y  ahale). 


2050'  E  and  200'  S 
of  W\.   0-2*  (com- 
plex), alluvial/ 
colluvlal  bottom. 
Al:  0-4",  B21:  4-12 
"  (c2pr/o2ebk), 
B22:  12-24"  (c2pr/ 
m2abk).  B3ca:  24-30" 
Clca:  30-48",  C2: 
48-96",  C4;  96-120". 
Graeeed  micro- 


®7°L 


1700'    W 

and 

of    EH. 

2-43 

plex) , 

colli 

Hldeslo 

3",    B2: 

3-9 

(m2pr/m 

2abk 

C2cb:  36-96" 
96-120".  Bal 
shale    fragme 


24-42".  C2cr:    42-66 
profile.      12-24" 


1500' 

E   and   I 

00'    S 

of  A 

2-4X 

(corn- 

plex) 

Al:    0- 

s'',   B2 

3-12" 

(m2pr/n 

2sbk) , 

Clca: 

12-24" 

C2: 

24-10- 

",  C3ci 

:    102- 

120"  * 

.48-66 

SAR   - 

12.0,   Gyp. 

900' 
of  n\ 

S  ar 

d  100'  w 

-42    (com- 

Plex) 

ale  below 

shale 
0-4". 
(mlpr 
8-12' 

outcrops.    Al 
B21:    4-8" 
/mlsbk),    B22: 
(m2pr/m2sbk) 

R:    48"  +.      30-48" 


1300'  I 
of  Hk. 
plex) , 


iale 


Al!  0-3",  B2:  3-12' 
(ro2pr/m2sbk),  Clcr: 
12-24"  (weathered 
shale),  IIC2cr: 
24-36"  (aoft  sand- 
stone), R:  36"  + 
(sandstone).   Deep. 


GU 


rss  -  e>  ■*■*£ 


© 


B21t:    4-12"    (m2pr/ 
m2sbk),    B22t:    12-30' 
(m2pr/m2sbk) ,    B3ca: 
30-36",    Clca:    36-54 


©_ 


B2t:  4-18"  (m2pr/ 
m2sbk),  Clca;  18-36" 
C2:  36-78",  C3cr: 
78"  +  (weothered 
baked  shale).   90- 


©^ 


X    (complex 

),    slde- 

slope 

v/a 

llck 

0-3", 

B2t: 

3-12" 

(mlcp 

/mla 

ik),    B3ea 

12-15 

,  CI 

ca:    15- 

30", 

2cr: 

30-48", 

R:    48 

+  ( 

sandy 

ehale 

aolldated) 

30-48" 

S   -   8 

IX, 

SI  -   78.1 

x.  c 

13, 

IX    (S1L). 

120". 


84" 


sandy  shale 


1300'    E  and    50'   N 
of   SW   corner. 
2-4%    (complex), 
alluvlol/colluvlal 
fan.      Al:    0-3" 
B2:      3-12"    (m2pr/ 
m2abk) ,    B3:    12-18" 
(m2pr/m2abk) ,   Clca: 
18-36",   C2:    36-66", 
C3cr:    66-114",    R; 


114" 


(bal 


rock) 
5.0, 


1100' 
of   S*£ 

W  and 
2-4 

600'  ^ 

(cora- 

plex) 
baked 

rock 

11- ~ 

0-3", 
(m2pr 
10-30 

In  un 
B2:    3 
ftn2abV 
',   C2: 

t.      A 

10" 
.  Clc< 
30-48' 

(baked    rock). 


0^, 


96-121 

lying 

120". 


1200'  S  and  1000"  I 
Of  W».  2-«  (con- 
plex) ,  sldeslope  - 
baked  rock  outcrops 
In  unit.  Al!  0-3", 
B2:  3-12"  (m2pr/ 
n>2abk),  B3ca:  12-11 
",  Clca:  16-30", 
C2:    30-4B",  C3:    48- 


1600'    E   and   1100'    S 
of  NW  corner.      2-4X 
(complex),   alluvial 
colluvlal    foot- 
slope.     Al:   0-3", 
B21i    3-7"    (clpr/ 
mlabk),    B22:    7-12" 
(m2pr/m2abk),   B3: 
12-18",   Clca:    18- 
42",   C2:    42-66", 
R:66  "  +■      42-66" 


■    SAR   ■ 
eq. 


i.0, 
13.0. 


&a 


colluvlal  bottom- 
land. Al!  0-2", 
B21:  2-6"  {clpr/ 
mlabk),  B22t:  6-14" 
(m2pr/iD2abk)l  B3: 
14-36"  (clpr/mlsbk) , 
CI:  36-84",  C2cr: 
84-104",    C3cr:    104- 


E  and  1100"    S 


of   NW   cc 

rner.     ( 

-; 

1    (compl 

ex), 

alluvia: 

Cook  Cr 

Al:   0 

2' 

B21:    2-6 

"   (clpr 

clobk) , 

B22:    6- 

(mlpr/m: 

abk),   C 

24-48". 

C2:    48" 

+ 

grave 11> 

layers 

materia 

depth 

ceeda  1C 

©^ 


Al:      0-2" 


B2t 


2- 


2"  (m2pr/m2Bbk) , 
3ca:   12-16",  Clca: 
6-24",  C2:   24-72", 
3cr:   72-90",       3t 
:   90"  +  (ahale).  U^i^-Z 
2-24"  zone  -  SAR  - 
8.6,  Gyp.  Req.  - 


Q-, 


®-- 


SOIL    PROFILE    NOTES 
PROFILE     REPRESENTS  10'  DEPTH 


LAND    CLASSIFICATION    SYMBOLS 
LAN0  CLASS ,      | Plom  medio   deficit 


SURFACE    I 
Depth  - 


INFORMATIVE      SYMBOLS 
PLANT      MEDIA     DEFICENCIES 


TOPOGRAPHIC    DEFICENCIES 
Slope  (including  gradient  and  complexity) 


;  2 ,  36-  3  — 

0.0  \   \        GEOLOGIC    MATERIAL 
\\    V Oualit] 


CONVENTIONAL    AND    SPEC 
LAND    FEATURES 


Rock  outcrop  (m 
Baked  rocK  {scor 
Slide  or  shp  (tip 


AL    MAP  SYMBOLS 

WATER    FEATURES 


POW0ER    RIVER     COUNTY 
W/2    SECTION  4  .SECTIONS   6   8  8   -    T   3  S  ,  R.  45  E. 


Eiposed  bedrock 


DAMS 
<2|     Mediui 


SEMI-DETAILED    LAND  CLASSIFICATION 


l9a!\  1305-600-304 


Plate  28 


GK 


$T     300'   E  end  200'    1 

■k. 

D-2J     (complex), 


^c 


/*.       0-2",    821:    2-10" 

(«lPr/Bl«bH,      B22: 

-oo     10-15"    (m2pr/«2ebk) , 

f.S      B3ce:    15-24",   Clce: 
24-48".   C2;    48-96", 

u  *o    C3:   96-120"  +. 


2400'    E  and   300'    S 
of   US   comer.      2-8 
,1    (ccoplex),    aide 
■lope.      Al:    0-1", 
B21:    1-7"    («2pr/ 
■2abk),    B22t:    7- 
16"    <m2pr/a2ebk). 
B3ca:    16-30",   Clce: 
30-48",    C2:    48-84", 

entity- hard   auger- 
ln«-      Profile 


©-, 


"77  f  K."   t 
~Te~  5/C£"  * 


1100'    S  nd   700' 

of  Ek. 

0-21    (co*>l«i>. 


£W 


■  I* 


Alt 


0-2",   821:    2-7" 
(■lpr/adebk) ,  B22: 
7-15"    (erfpr/atfabk) , 
Clca:    15-36",   C2: 
36-60",   C3;    60-84", 
C4:    84-108",   CS: 
108-120".      Old   A?: 
0-7". 


400'  V  nd   300'   K 
of  B\.      6-1SI    (t»- 
plex),    eldaalope 
with   »c*tt«r«d    bak«< 
rock  aurfac*  frag- 
•ntt.      *J  :    0-2", 
B2:    2-12"    imlprf 
«2abk).   Cleat    12-24' 
C2i    24-48",   C3i    48- 
60",   ti   60"  +   (aand- 
etcne).      Profll.a 
ahal lower   ca   eteap 
elapat.      12-24" 
sane  -  SAB  -  13.0, 
Gyp.  B*9,-  ■  +  4-7. 


Hr 


C<#      Clc 


of  Wk.      2-8  I 
(complex),   bench 

Li   0-6", 


24-72",   C3:    72-108" 


**?H 


» 


1000'    H  and  400'   E 
of  Sk.     0-21    (com- 
pie*)    colluvlel 
bench.      Al:    0-4", 
AC:    4-7",   Clc*: 
7-24",    C2:    24-48". 
C3i    48-106".  C4: 
108-120".    Boa* 
profile*    ihtllovir 


bad* 


;  In 


GU 


(mlpc/aJabk)  .   Clca:  *n 

12-36",  C2i    36-90" 
11    90"  +  .      Gale 
cniUl.    wialble 


*S 


"-# 


All   0-2",   B2:    2-6' 
<«2pr/*2.M<l ,    B3: 
B-12",   Clce:    12- 
30",   C2;    30-72". 
C3i    72-90",   R:    90' 
+.      Some  prof  ili 

In  unit.      30-48' 
■one  -  SAB  -   15 

Cyp.    Raq.    -  +   7 


I  low, 


."# 


GU, 


1300'   M  and   1150'    E 
of  8V  corner.      2-4Z 

(com^lci)  ,    bench 
muiit.      A3:   0-2", 
B21i    2-7"   (»2pr/ 
■2ebk).   B22t    7-12" 

(«2pr/«2.bk).  B3i 
12-16".  Clca:  16- 
42",  C2:  42-56", 
C3i    56-72",   I:    72"  + 

(aendetona). 


&3- 


^ 


900' 


ind   100'    E 


<*<& 


©TW 


Refer  to  Poll 
Git.  Profile 
deecrlptloo  J 
Appendix  D. 


<3-. 


1100'  W  and  I 
of  SE  corner 
0-21    (comple: 


3-15" 
:),    B22: 

>r/ra2ebk) 


1000'    N  and  400'    I 
of  Sk. 
Ljf£     0-21    (complex). 

elluvielr'colluvia 


botl 


Sr-, 


300'    S 

ind 

300 

w 

of  KE 

r.  ; 

-41 

(cOTDpl 

x), 

dial 

ect- 

■  hi 

outcroppln 

■  li 

Al: 

o-: 

B2:      2 

-12" 

(ml; 

r/ 

mlebk) 

CI 

■  : 

24",   C2cr: 

24-' 

8", 

ft:      48 

+ 
12 

48" 

~ 

•light 

y  • 

e. 

Depth 

t  t 

paol 

Hog 

uteri 

ll    V 

6-18". 

1250'    W 

and 

1100'    S 

of  Ek. 

Befer   t 

D  Point 

He 

Profile 

dee 

crip 

ion 

In   Appe 

noli 

D. 

Refer  to  Point  Site 
Profile  deecrlptlon 
In  Appendix  D 


of  Sw  corner. 
2-4Z    (complex), 
ellovlal/collavlel 
bench  remnant.      aJ  : 
0-3",   B2:    3-12", 
B3ca:    12-18",    Clc*: 
18-30".    C2:    30-78", 
C3:    78-120". 
Shallower  profile* 

within  unit. 


750'   8  and  400'   E 
of  Wk.      2-61    (com- 
plex),  eldealopa 
ebon  drainage.    Al: 
0-2".   B2i    2-12", 
B3ca:    12-18".   Clca: 
16-48".  C2t    46-120" 
+.      SAB  -  11.0  -  48- 
72";   SAI  -  12.0  - 
96-120",  Cn>.   R*q.   - 
+  2.8. 


.kss     i 


of  Mk. 
0-21    (ci 


\£&      (mlpr/mlabk)  ,   622 1 
(m2pr/m2abk), 
•rt  0.a      B3ca:    12-15". 


t$s3 


Q^ 


15-36",  C2:  36-60" 
C3:  60-76",  76"  + 
hard  aandatone. 


2000'    K  and  500'   V 

of   Sk. 

0-2X    (complex), 

0-4".  B21:  4-8" 
(m2pr'm2abk),  B22t: 
8-18"  (m2pr/a*f2abk) 
B3:  18-24",  Clea: 
24-42",  C2:  42-66", 
C3:  66-84",  Ri  84"  + 
(aandatona).  24-42" 
tone  -  SAB  -  9.3. 


yh 


@ 


Cult: 


Ap:  0-4",  B2:  4-1! 
(m2pr/m2abk),  83: 
12-24",  Clca:  24-' 
C2:    48-72",  C3t    T. 


1300'   N  and  1100'  W 
of   SE  comer. 
2   41    (complex),    foot 
elope  beneath  ahalef 
■andatone   create. 
All    0-3".   B2:    3-12" 
(m2cpr/m2ebk) .   B3: 
12-15",   Clca:    15-42" 
R:      42"  +   (ehale). 
Sodium  -   Influenced 
profile. 


1000'    6  and  800"   U 
of  Ek. 

2-41  (complex), 
colluvlel  foot- 
elope.  Al:  0-2", 
AB:  2-6".  B2:  8- 
12"  (a2cpr/m2ebk) . 
B3ca:  12-21",  Clca 
21-42",  C2:  42-66" 
R:      66"  +   (ahale). 


1000'    N  and    300'    W 
of  Ek. 

0-2X    (complex), 
elluvlel/colluvlal 
bottom  below   ahale 
create.      Al:    0-3", 
B2t:    3-18",    (mlcpr/ 
mlabk),   B3ca:    18- 
24",    Clca:    24-42", 
C2:    42-96",    C3:    96- 
120".    Baked  ahale 
Influence  -96"  + 
0-18"   eone- 


plex) . 


illu 


al/ 


diluvial  botl 
Al:   0-3",   B2:    3-12" 
(m2pr/m2abk) ,   63: 
12-18",   Clca:    18- 
42",   C2:    42-72", 
C3:    72-96",   C4i    96- 
120".     42-54"    tcme 
GAB  -  22.0,   Gyp. 


K*q. 


■  6.3. 


36"   roi 
10.0. 


■  SAB  « 


Kaz4 


1200' 


<§U 


2-4X    (complex), 
footolope  below 

T&Stltft      "'    °-i"'   B2:    U~ 
OC^tl       B„    (nl2cpr/m2abk)  . 

B3ca:    6-15",   Clca: 

15-30",   C2ce:    30- 

54",   C3:    54-120". 


lnfluei 


GU, 


1600'   W  and   300'    H 
of  Ek.      0-2X    (com- 
plex),  alluvial/ 
colluvlel  bottom. 
Cultivated.     Ap:    0- 
5",    B2!    5-12"    (m2pr/ 
a2abk),   B3ca:    12- 
15".    Clca:    15-36", 
C2ca:      36-120", 
atrong  aodlua  In- 


y 


through- 


I   500'    N 


U00' 
of  Ek. 

2-4X  (complex)  bei 
remnant.  Al:  0-41 
B2:  4-12"  (m2pr/ 
m2abk),  B3:  1 
Clca:  15-36",  C2 
36-96",  R:  96"  + 
(baked  shale). 


Cr-n 


15", 


ock  < 


l2356+  le2 


900'   W  and  600'    S 
of  Nk. 

0-2X    (complex), 
bench   remnant .      Al 
0-5",    B2:    5-18" 


'*f       (weathered  i 


1250"    S  and  125'    E 


c^ 


33,-6+  l|32-6  + 


®-- 


SOIL    PROFILE    NOTES 
PROFILE     REPRESENTS  10' DEPTH 


LAND   CLASSIFICATION    SYMBOLS 
LAND  CLASS  - 


SURFACE    LAYER 


SECOND    LAYER 
Ouolil, 
Depth 


Slltir  Cloy    Lt 
3oiv3,    Cloi 
Silt)   Clan 


INFORMATIVE  SYMBOLS 
PLANT  ME0IA  DEFICENCIES 
0      Sodicily 


b     Bedrock  (hard  or  portion?  weathered) 

TOPOGRAPHIC    DEFICENCIES 
o     Slope  I  including  gradient  and  compleii' 


CONVENTIONAL    AND    SPECIAL    MAP  SYMBOLS 

LAND    FEATURES  WATER   FEATURES 


Graven 

Cobbly  tpai 

^ 

Well,  aneno 

0 

Gumbo 

■lick  or  scabby  spot  (iodic) 

-o 

Well  ,  ircigol 

E 

Dump* 

and   similor  nonsoil   oreos 

T 

Wet  spat 

V 

Rock  o 

Icrop  (includes  shale  and  sondslone) 

PITS 

Kf. 

Baked 

ock  (scoria)  ouKrop 

'/ 

Slide  o 

slip  (lips  poinl  upstope) 

DAMS 

Grovel 

III 
# 

GreOMH 

jot ,  very   slpny  spot 

Mine 

<a| 

Medium  or  srr 

h   12,000 


POWDER    RIVER    COUNTY 
S/2    SECTI0N29,  SECTIONS  30  8  32-    T.2S..R-45E. 


SEMI-DETAILED    LAND  CLASSIFICATION 


FeBRuA»r.„ez\  I3Q5-600-305 


Plate  29 


Sec.  £4    li  S.  -  R  44  E. 

ft- 

14 

(2 
ftig 

TT 

TTT 

noo'  w  7oo'  n  of        (r)__                                 (e) 

T7j— l£A'   SE   corner.      2-4X          0.,.^       =lo.f  1100'    S   300'    E  of         °-«V~T      * 

■oii   ("Wl")   ellovl.l/     e,            5yL   TI   „,_      ;_4,    (cowi„),     ■«        i^ 
CL    rr    colluvlel   bo!Co»-                *jj       « xjj   b„c„   „„.„,.      Al:            !£  c" 
— S.,n  Und   borll«r«d   b*                    "                       0-1".   B2;    3-12"                     *4 
CI.S4    >»k«4   ,""1"°™,.                        ~*-            <-2pr/-2-bk).    B3ce:            .      ~~ » 
cre.te.     .1,0-3",            54P  mL  J«  12-i7»,  del  17-30",       WCL 
FSL-rT    B2,:,    3_7    •    B]e"    J"                                        C2:    30-54".    C3:    54- 
FSlS£   CI.'lMp.   C3:    42            «J           |£f  coUcI'tak.a+.h.l.             '"T  Cl" 

— .„n.o.sctnn.vL-     s    a—  '■»-»"    „,-* 

«L-nr  .hov.  20- or  ««                          tooe'                          IT  CL 

of  available  eater-                                                                                                  

lal .      Bluebunch                                                                                                   o.si 
"L"           vhaatgraaa.    Silver                                                                                              50    c,cl 

1          aagebruah.                                      •— »                                                                     L__ 

Sec    18     T.2S.-R.4SE. 

— 3  ■'       1800'   V  900'    S  of                ,ii   — i,4l    (compleK),   bench            «•         — ^ 

=  »   Ek       2-41    (coo>le»l           TT  <»»  «3     "mat.      Al :      0-3".         TT^^ 

FSL' TT    bench   rl»m°u'*                      »             B2:      3-12".   Clc:              » „  ~^ 

0_3"      .;.    3.,;..                  "-^         .  £•'     12-24",    C2:      24-48",        TT   "L 

FS*ft'     MpWI-bk).   Clc:             "    JSL  »'     IIC3:      48-72" ,   t„C4.             -^ 

J            12-24",   C2:    24-96",          tta4      *  0  41     cr:       '2-120     +   (eoft        <jt£    ^ 

Fsr~     IIC3:    96-120"  +                   "IT  _  —  T?     ■■ndetone).                                         _ 

*■      (reddleh  brovn  -                         1^1                                                                       T 

«            ecorle   Influence).                           *                                                                L*£    Fc. 

FSL- iV    12-96"  -   ellghtl,               ±S         ■  tS                                                       ^'\ 

•ro.lve.                                            LFS                                                                        ■ 

SiCL-rr                                      lir¥l„-|T 

u.4/     1200'   S  and   950'   E 
TT      of  NW  corner. 
Z*J     2-41   (complex), 
M      lower   aldealope 

adjacent    to   main 
J^     drainage.      Al :      0- 

2",   B2:    2-9" 
u  0      (m2pr/m2abk) ,   B3ca: 
IT      9-12",   Clca:      12- 

30",   C2:    30-54", 
£i«    C3:    54-96",    C4i      96 
»■«      -120".      SAR:      17.0 

-30—  54"   lone. 

»  S      creaaee  with  depth. 

±±*      800'   W  and   300'   N 
or,      of   SH. 

TT       2-4X   (complex). 
D.il      alluvlal/colluvlal 
TT       fan.      Al!    0-3", 

B2;    3-12"    (m2pr/ 
°d.'      mlabk),   Clca:,     12- 
••■        24",   C2:      24-66", 

C3cr:      66-90", 
2*7      R:      90"  +   (sand- 
"        atone) . 

Cj_ 

> 

H 
Z 

O 

u 

§ 

CD 
O 

>- 
f- 
z 

o 
u 

or 
u 

1 

or 

UJ 

a 
s 

O               3> 

-.   b                                   TTW"7         6.1        „ 

Zi 

l23,64."~\ 

3'          L 

u                    6"         k      v                           

v      v  TFs;,-b 

6.1           "                                     v                               „ 

8 

31              .   >b 

h-6  + 

I.B-6+ 

1.2 
1 

i32T 

3»         t      / 

/ 

Sj\c 

3ft75E^:  ^~ 

1,3,  -3,  6.'  ,b 

1.-6+                , 
0 

^ 

y^j  r\\\\  V"  vKi/\?''°+"/^r\    a 

20*. 

u 

FSL 

5iL 

B  R 

p          1000'    N    700'    W   of          o.-^ 
T7    E>s.      2-41    (cojylex).  %V 

TT     0-3",    Bl:     3-6",    B2:               *° 

6-12",    63c:    12-18",        1i2. 
|ii?   Clca:    18-30",    C2:                 '° 

30-48",   R:    48"  +.               °^1 

Depth   to   bedrock 

varlea  within   unit.           <£*£. 

BIL 

"TT 

5iL_ 
FSL" 

LFS 
LFS 

Sec 

|i?      1350'    N   and    1000" 
o.djl      E  of   SW  corner. 
1.7       2-41    (complex), 
£U      alluvlal/colluvlal 
•■*       bottomland   belov 
o  )T     aandatone   treats. 
TT     Al:    0-3",   B2:      3- 
ojj      12"    (m2pr/Tn2Bbk). 
TT      B3ca:    12-24".   Clca: 
24-42",   C2;    42-56". 
OM      C3:    56-102",    R: 
9.a      102"  +   (aandatone). 

t  a 

FSL" 
H 

LFS" 
+t- 
LFS 

FINE 

SAND 

S.-  R.44E. 

1700'    W  450'    S  of 
Ek. 

Refer   to  Point   Site 
Profile  description 
In   Appendix   0. 

Q-. 

14 
23 

J3 

"^     \i")       ^vY  i*  \  ll\  \v   ^^  ® 

"\       OI/V^X    (VA  Vi.aV^)     / 
'  r>^/T\     /     P     V^\'C "v 

6. 

Kl5-6,"° 
17 

- jLl ^l__^Vi 

I9V0J                    , 

\    /     \    \   3-             l9i20 

/                /                 \           U2I-6  +  ' 

41 

CCL 

SlL 
VFSl 

,o-4»  2100*   E   300'    H  of         "-"^ 

l*o  *"»■       !-fil    (co«4?lex),     *S 
"«T    bench   reviant.      All           o,.» 
o.„   0-4",   B2:   4-12"                     '• 
«.i      (m2pr/m2abk),    B3ca: 

12-24".   Clca:    24-42",       oj- 
orf  C2:    42-66".    R:    66  +.           ■■ 
••*     Avg.    depth   to  BR  la 

60".      42-66"   alight-         ^12 

BR 
5iL  [ 

<aCt 

S.CL_ 

SiCL 

Sec 

t**     1900"    E  and   400"    N 
■**     of  WH. 

o.4i    2-4Z    (complex) 
■■«      alluvlal/colluvlal 
bottomland  belov 

TT      Profile  not    logged. 

UP 

TT 

T  2 
CL 

cl' 

MCL 

S.CL 

S.-R.44E 

1050'    E.    50'    N 
of   SW   corner. 

Refer   to   Point   Site 
Profile   description 

In  Appendix  D. 

- 

1          ,    L 

l|"6*<'b              6-'             hJ                        \       3., 

iri7'"b 

la  32 

1.32-5+ 

V 

6"         t 

I5-6+" 

" 

ojo 

FSL^ 

4.30 

TT 

GR 

LS' 

-4 

TT 

4 

<FSL 

«.FSL 
BR- 

o  **  900'    S    200'    U  of             o.ajV- 
T*     NV       2-61    (conple«)               )1 
j^-   bench   reorient.      Al :            o.lt 
o„    0-3",    B21:       3-10"                    »° 
To     (clpr/alabk),    B22: 

10-18"   (claWmlebk)          y£ 
B3:      18-24".   Clea: 
24-36",   R:    36"  + 
(aendatone) .                           °-^y 

>  it   1400'    S   700'   E  of  NW       \« 
F?     corner.    2-41   (com-             "j^ 

— =1 

CL 

CL- 

CL  ■ 

CL  - 

CL  ■ 
CL 

FSL 

2iS     900'    S   and   300'   W 
•■•      of  Zh, 

lif      2-4Z   (complex) 

,7       alluvlal/colluvlal 
0  7g     bottomland.      Al : 
T5      0-3",   B2:    3-15". 
(m2pr/f2abk), 
60      Clca:    15-30",   C2: 
f"5       30-120"  +.   Sand 

°-»«      1600"   W  and   1000'    S 

C 
c 

- 

c 

Q 

SOIL 

PROFILE 
0  50,    F.0F.L 

PROFILE    NOTES                                                                      LAND 
REPRESENTS  lO'OEPTH                                                         LflN0  CLflss 

23 
26 

CLASSIFICATION    SYMBOL 
^     1 Plont  med,o  del 

25                                                       H 

ll  "6+  ~b 

S 

MATERIAL 

25 

.63 
J4 

"is; 

ii.-- 

•  4-80 

2 

94   PH    I'J      S0(l-W0t.F    Sul 

8  0  cm    Soil   Poil* 
63  M.a.owP.c   CoAtfudUil)     .n/ 

Quality *• 

,2,1^3,-^'°          ln'°f 
/    1  I   \I00\  \        GEOLOGIC 

J]  \\^F 

POWDER    RIVER    COUNTY 
SECTION    16,  T.2S.,  R.45E- 

,                                          SECOND    LAYER 

\ 

Divides  soil  material 
ond  geologic  moieriol 

BR 

,  a tt    plex),    bench  remnant. 

[7t     Al:   0-4",   AB:    4-6",          °$1 
Clca:    6-36",    R:      36"          " 
+.      Nunerous  baked             ojo 
rock   fragments  -   6-            «' 
36".      Baked   shale              OA7 

FSL 

o »o     2-41    (complex) , 
TT       alluvlal/colluvlal 
bottomland.      Al: 

- 

LS 
BU  _ 

|cj  | 

Si 

SonSy 

Silty  C 

SOfK), 

Silly  C 
Sonant 

FIX! 

Ligni 

MMum 

INFORMATIVE      SYMBOLS 
""O                                       PLANT      MEDIA     DEFICENCIES 
o      Sod>cily 
■  s     Solinily 
m                                        h     Cloy(ve>y  lm<   te.turel 

v      Coorselve.y  ioody  te.ture) 

q     Avoiiobie  moisture  copooty 
om                                  d     Oepih  ol  suiiobie  overburden 
oy  Loom                                 ■     Cobbry  ,  slony.f  loqgy  or  clinkers 

b     Bedrock  (hard  or  partially  weathered) 

TOPOGRAPHIC    OEFICENCiES 
g      Slope  (including   grodtent  and  complexity) 
n|                                         r     Exposed   bedrock      (outcropi) 
e    Cover  (trees) 

CONVENTIONAL    AND    SPECIAL    MAP  SYMBOLS 

LAND    FEATURES                                                                 WATER    FEATURES 
W     Blowout                                                                             -J*     Marsh  or  swamp 
5<      Cloy   spot                                                                                 O          Spring 

Gravelly    Cobbly   spot                                                  A-      Well, artesian 
0      Gumbo, tlick  or   scobby  spot(sodic)                         -o-     Well  .irrigation 
i=     Oumps  ond   similar   nonsoil   o;eas                               ♦      Wei  soot 
V      Rock   outcrop  (includes  shale  and  sandstone)      PITS 
^.     Baked   rock  (scona)  outcrop 

J»     Slide  or  slip  (tips  point  upslope)                                J      G,Qvel 
•II      Stony  spot,  very    slpny  spol                                             ™      Mlne 
#     Greose-ood                                                          0AMS 

<Sf     Medium   or    small 

j>r 

ROSEBUD    COUNTY 
SECTION    24,     T.2S.     R.44E. 

BUftEAU   OF   ACCLAMATION 

COOK   MOUNTAIN    STUDY  AREA 
ASHLAND   COALFIELD    -  MONTANA 

SEMI-DETAILED    LAND  CLASSIFICATION 

FSL 

5 

CSCL 
FSL 

(mlpr/mlabk) ,    B3ca: 
i«     18-24",   Clca:      24- 
»•'       36",   C2:      36-72", 

C3i      72-96",   C4: 
77      96-120"  +. 

Of?4V/V  "    SILSON                            TTOev/CU.    Af>l*K>VAi_ 

A 

CHECMEO                                              APPROVED 



1     12,000 

BILUKQS^ONTANA                           FEBRUARY  .„,,?  |      |3Q5  "600-306 

Plate  30 


|      IX      5MAC.        I  /  l.^-Hdl       \        V    J  |0d      l-f ^l  ~>    <■>' 

To- 5(0)  U-UOI  e    „„,  J        \ 

Lst4t  L5'A.  J-0'Wy  \-0-5<0> 


EXPLANATION 

DEPTH     (FT.)     OF     PREFERRED    MATERIAL"]      pDEPTH    (FT)   OF    ACCEPTABLE    MATERIAL 


NOTES 
#Preterr«d    material   refers    to   motunoi    that   It    highly    desirable    for    surface    placement    In    a 
constructed   profile     It    le    nonsollne,    nonsodlc,  ond    permeable. 
*#Acceptable    material    refers  to   additional    good   quality    material    immediately    below    the    preferr 
material.  This   material    may  contain    slightly  higher   levels   of    soluble    salts    or    exchangeable  s 
than    the    preferred    material    In    most    cases,    mixing    of    the    preferred    and    acceptable 
materials   should    not    appreciably    change    Ihe    overall    quality    of   the    topsoil 


T 


POWDER    RIVER     COUNTY 
W/2     SECTION  4  ,  SECTIONS    6    9  8  -     T.  3    S. ,  R.  45  E. 


TOPSOILING    MATERIAL 


fi*f2™: FIELD 


"""[    1305-600-307 


Plate  31 


I9l  20 


EXPLANATION 
*  ** 

DEPTH     (FT)    OF     PREFERRED    MATERIAL-i      pDEPTH   (FT)  OF    ACCEPTABLE    MATERIAL 
.5-1(1) 

230  Ac  -  ACREAGE 

NOTES; 
#Preferred    materia!    refers    to    material    thai    la    highly    desirable    for    surface    placement     in    a    re 
constructed    profile     ll    it    nonsaline,    nonsodic,  and    permeable 
**  Acceptable     material    refers    to    additional    good    quality    materlol     immediately    below    the    preferrec 
material.    This   molerial    may  contain    slightly  higher    levels  ol    soluble    salts   or    exchangeable   soc 
than   the    preferred    material     In    most  coses,    mixing    of    the    preferred    and    acceptable 
materials    should    not    appreciably    change    the    overall    quality   of  the    topaoil. 


T 


POWDER    RIVER     COUNTY 
S/3  SECTION  29;  SECTIONS    30  a  32,  T2S„  R.45E. 


RESOURCE    a  POTENTIAL  RECLAMATION    EVALUATION 


TOPSOILING    MATERIAL 


FIELD     APPROV, 


1305-600-308 


Plate  32 


19120 


26|25 


EXPLANATION 
■*  x* 

DEPTH     (FTJ     OF     PREFERRED    MATERIAL"!      [-DEPTH    (FT)   OF    ACCEPTABLE    MATERIAL 

5-1  (I) 

23,0  Ae- ACREAGE 

NOTES 

Preferred    malarial   refer*    to   material    thai  Is    highly    desirable    for    surface    placemen)    in    a    re 
constructed    profile     It     ie    nonsoline,    nonsodic,  and    permeable 

Acceptable    material    refers   to    additional    good    quality    malarial     immediately    below    the    preferred 
material    Thie   motenal    moy  conlain    slightly   higher    levels   of    soluble    salts    or    exchangeable  sod 
than    the    preferred    material     In    most    cases,    mising    of     the     preferred     and    acceptable 
materials    should    not    appreciably    change    the    overall    quality    of    Ihe    topsoil 
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RESULTS  OF  TRACE  ELEMENT  ANALYSES  ON  SAMPLES 
FROM  USBR  POINT  SITE  SOIL  PROFILES  -  COOK 
MOUNTAIN  STUDY  AREA,  MONTANA 

Sample  No.  Elements  -  Level  (ppm) 

Cd         Cu         Fe 

V-l 
V-2 
V-3 
V-4 

V-5 

V-6 

V-7 

V-8 

V-9 

V-10 

V-ll 

V-12 

V-13 

V-14 

V-15 

V-16 

V-17 

V-18 

V-l  9 

V-20 

V-21 

V-2  2 

V-23 

V-24 

V-2  5 

V-26 

V-2  7 

V-28 

V-29 

V-30 

V-31 

V-32 

V-33 

V-34 

V-3  5 

V-36 

V-37 

V-38 

V-39 

V-40 

V-41 

V-4  2 

V-4  3 

V-44 

V-4  5 


0.50 

0.08 

3.40 

0.34 

0.06 

2.00 

0.00 

0.08 

2.60 

0.00 

0.02 

6.20 

0.00 

0.02 

3.40 

1.00 

0.12 

3.00 

0.41 

0.10 

5.40 

0.34 

0.06 

4.60 

0.34 

0.04 

4.80 

0.07 

0.00 

6.40 

1.25 

0.06 

3.60 

0.23 

0.08 

3.60 

0.57 

0.06 

3.60 

0.00 

0.12 

2.80 

0.00 

0.06 

3.60 

0.00 

0.06 

2.80 

0.00 

0.00 

1.80 

0.00 

0.00 

2.20 

0.00 

0.00 

1.60 

0.00 

0.00 

1.80 

0.07 

0.00 

2.00 

0.50 

0.00 

2.80 

0.36 

0.08 

2.20 

0.34 

0.06 

2.00 

0.23 

0.06 

2.00 

0.09 

0.02 

1.80 

0.27 

0.02 

2.00 

0.23 

0.00 

2.00 

1.13 

0.04 

5.40 

2.17 

0.06 

6.00 

3.67 

0.06 

10.40 

0.16 

0.06 

1.40 

0.00 

0.04 

2.00 

0.00 

0.04 

2.20 

0.00 

0.04 

1.60 

0.00 

0.02 

2.00 

0.00 

0.00 

2.20 

0.00 

0.00 

0.60 

0.34 

0.10 

1.20 

0.02 

0.08 

1.40 

0.00 

0.02 

1.60 

0.02 

0.02 

1.80 

0.41 

0.02 

1.00 

0.70 

0.02 

1.20 

0.45 

0.02 

1.00 

22760 

0.045 

20.40 

0.043 

14.80 

0.053 

12.40 

0.055 

10.60 

0.035 

17.60 

0.030 

14.20 

0.030 

14.60 

0.033 

17.80 

0.025 

19.20 

0.028 

15.20 

0.039 

15.00 

0.029 

15.20 

0.032 

38.40 

0.024 

33.80 

0.021 

21.80 

0.024 

9.80 

0.018 

8.60 

0.018 

9.80 

0.029 

12.00 

0.027 

11.40 

0.035 

12.20 

0.035 

23.60 

0.029 

20.40 

0.029 

11.00 

0.032 

8.00 

0.032 

5.00 

0.027 

8.40 

0.027 

10.40 

0.035 

13.00 

0.064 

41.40 

0.056 

29.60 

0.032 

33.60 

0.034 

26.40 

0.037 

19.80 

0.037 

11.80 

0.039 

9.00 

0.045 

5.60 

0.026 

28.00 

0.024 

14.60 

0.029 

8.00 

0.026 

8.20 

0.024 

9.40 

0.018 

10.00 

0.021 

12.40 

0.021 
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RESULTS  OF  TRACE  ELEMENT  ANALYSES  ON  SAMPLES 
FROM  USBR  POINT  SITE  SOIL  PROFILES  -  COOK 
MOUNTAIN  STUDY  AREA,  MONTANA 


Sample  No.  Elements  -  Level  (ppm) 

Mn  Mo        Ni  Pb  Zn 

V-l  41.00  0.18  1.40  1.00  2.52 

V-2  27.80  0.09  1.80  0.80  1.50 

V-3  15.80  0.07  1.40  0.80  1.12 

V-4  13.60  0.09  0.80  0.60  3.76 

V-5  11.20  0.02  0.60  0.60  2.08 

V-6  41.40  0.15  1.20  1.00  2.60 

V-7  38.20  0.04  1.20  1.40  3.66 

V-8  25.60  0.09  1.00  1.40  2.40 

V-9  20.60  0.11  0.80  1.20  2.48 

V-10  16.20  0.09  0.60  1.00  3.28 

V-ll  15.80  0.07  0.60  1.20  1.52 

V-12  14.40  0.07  0.60  1.20  1.72 

V-13  14.80  0.07  0.60  1.20  2.02 

V-14  51.80  0.00  1.00  0.80  2.60 

V-15  48.40  0.04  1.80  0.80  1.70 

V-16  25.80  0.00  1.60  0.80  1.06 

V-17  9.60  0.02  0.60  0.60  0.70 

V-18  8.60  0.11  0.40  0.60  0.94 

V-19  6.80  0.09  0.20  0.60  0.64 

V-20  6.80  0.13  0.20  0.60  0.74 

V-21  9.00  0.37  0.40  0.60  0.98 

V-22  9.80  0.26  0.20  0.60  1.70 

V-23  39.00  0.02  1.40  0.80  1.46 

V-24  34.60  0.00  1.60  0.60  0.82 

V-25  18.00  0.13  1.00  0.80  0.86 

V-26  11.00  0.00  0.60  0.60  0.74 

V-27  10.60  0.00  0.40  0.60  1.10 

V-28  8.80  0.18  0.20  0.80  0.76 

V-29  9.40  0.11  0.40  2.00  1.14 

V-30  4.40  0.16  0.40  2.60  1.98 

V-31  1.80  0.36  0.20  1.00  2.50 

V-32  29.60  0.00  0.40  1.00  1.56 

V-33  34.60  0.07  0.60  0.60  2.10 

V-34  21.60  0.00  0.60  0.80  1.42 

V-35  21.00  0.00  0.60  0.80  0.84 

V-36  9.60  0.11  0.40  0.60  1.92 

V-37  7.60  0.07  0.40  0.60  1.48 

V-38  3.00  0.00  0.20  0.40  0.42 

V-39  38.00  0.00  0.80  0.80  2.54 

V-40  37.00  0.09  1.00  1.00  0.68 

V-41  12.60  0.09  0.60  0.40  0.56 

V-42  11.80  0.00  0.60  0.80  0.60 

V-43  12.20  0.27  0.20  0.60  0.38 

V-44  14.60  0.29  0.40  0.80  0.52 

V-45  11.40  0.25  0.20  0.80  2.50 


Table     37 


Criteria  Used  to  Determine  Suitability  of  Overburden  Material 
For  Use  as  Plant  Media  in  Revegetation  1/ 


Parameter 


Methodology 


Limited  Suitability 


Unsuitable 


Electrical  Conductivity 
(mmhos/cm) 

pH 


Sodium  Adsorption  Ratio 

(SAR) 


Exchangeable  Sodium 
Percentage  (ESP) 


Boron  (mg/1) 
Selenium  (mg/1) 
Molybdenum  (mg/1) 

Copper  (mg/1) 
Manganese  (rag/1) 
Zinc  (rag/1) 
Lead  (mg/1) 

Cadmium  (mg/1) 
Nickel  (mg/1) 
Mercury  (mg/1) 

Iron  (mg/1) 
Nitrate-Nitrogen  (mg/1) 


Pipette  method  plus  sand 
sieving 

Saturation  extract/con- 
ductivity bridge 

Saturated  paste/glass 
electrode 


FSL,  VFSL,  L,  SiL.  SCL 


<4 


Calculate:  Na/\/(Ca  +  Mg)/2 
Ca,  Mg,  and  Na  in  meq/1 


Ammonium  acetate  ex- 
traction; calculate: 
Na/CEC  x  100% 

Hot  water  extraction/ 
carmine  method 

Hydride  generation; 
flameless  AA 

Ammonium  oxalate  ex- 
traction; flameless  AA 
or  N20  flame  AA  -  5000 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

Extraction  by  H2SO4; 
flameless  AA 
(quartz  cell) 


6.0  -  8.4 
<6 


<5 


<5 


<1 

II 

<60 

<40 

10-15  (pH  <  6) 
15-20  (pH  >  6) 

<1 

2-3 

<0.5 


LFS,  SL,  CL,  SiCL,  SC 


4-12 

5.0  -  6.0; 
8.4  -  9.0 

6-9  heavy  textures 
6-12  medium  and  coarse 
textures 


5-15 


LS,  SiC,  C 


<5.0; 
>9.0 

>9  -  heavy  textures 
>12  -  medium  and  coarse 
textures 

>15  2/ 

>5 

>2 

>1 

II 

>60 

>40 

15   (pH  <  6) 
20   (pH  >6) 

>1 

>3 


Not  Established 
Not  Established 


1/  Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 
2/  Rate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

3/  Suspect  level  not  established  -  an  excessive  consumption  of  molybdenum  through  ingestation  of  vegetation  may  be  toxic  to  animals.   This  concern 
is  directly  related  to  the  Cu:Mo  ratio   in  the  plant  tissue. 
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Suitability  of  Overburden  Material  For  Use  As  plant  Media  in  Revegetation 
Intrasearch,  Inc.  Drill  Hole  No.  24530-2C 
Cook  Mountain  Study  Area,  Montana 


Depth  (Ft.) 

Type 

15.0-24.8 

CSist,  Ss 

25.0-33.5 

CSist,  Ss 

35.0-44.5 

Sh,  Cbsh 

45.0-53.9 

Css 

55.0-65.0 

Css 

65.0-75.0 

Css 

75.0-85.0 

Css 

85.2-95.0 

Ssh,  Sish 

95.0-105.0 

Css 

105.0-113.9 

Css 

115.6-117.3 

Sh 

118.1-125.0 

Sh,  Cbsh 

125.0-127.4 

Cbsh 

177.6-178.0 

Hard  Sh 

Suitability 

Limited 

Limited 

Unsuitable 

Suitable 

Suitable 

Limited 

Limited 

Suitable 

Suitable 

Suitable 

No  sample 

Limited 

Unsuitable 

Unsuitable 


Limiting  Factors 

%  Sodium 
%  Sodium 
%  Clay,  Carbonaceous 


Texture 
Texture 


Carbonaceous 

%  Clay 

T   Clav,  %  Sodium, 
lead 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


Legend 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 
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Suitability  of  Overburden  Material  "For  Use  As  Plant  Media  in  Revegetation  - 
Intrasearch,  Inc.  Drill  Hole  No.  3458-3C 
Cook  Mountain  Study  Area,  Montana 


Depth  (Ft.) 


Type 


Suitability 


Limiting  factors 


10.0-14.7 

15.0-20.0 

20.0-26.0 

26.0-32.0 

32.0-42.0 

42.0-52.0 

52.0-56.0 

56.0-66.0 

66.0-76.0 

76.0-79.0 

79.0-83.5 

85.0-89.0 

89.0-93.0 

93.0-99.0 

99.0-109.0 

109.0-109.4 


Topsoil/clay 

Ss 

Ss,  Sh 

Ss,  Sh 

Hard  Sh 

Hard  Sh 

Ss 

Css 

Cbsh 

Ss,  Sh 

Ss,  Sh 

Ss,  Sh 

Ss,  Sh 

Ss 

Css 

Hard  Sh 


No  sample 

Limited 

Unsuitable 

Suitable 

Limited 

Unsuitable 

Suitable 

Limited 

Limited 

Suitable 

Mo  sample 

Limited 

Limited 

Limited 

Suitable 

No  sample 


%  Sodium,  Texture 
%  Clay 

Texture,  Hardness 
%  Clay,  Hardness 


Salt,  Texture 
Texture,  Carbonaceous 


Texture 
Texture 
texture 

(Hardness) 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


Legend 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  For  Use  As  Plant  Media  in  Revegetation  - 
Intrasearch,  Inc.  Drill  Hole  No.  3458-3C  (cont'd.) 
Cook  Mountain  Study  Area,  Montana 


Depth    (Ft.) 


Type 


Suitability  limiting  Factors 


112.9-119.0 
119.0-129.0 
129.0-139.0 
139.0-149.0 
149.0-159.9 
160.0-169.0 
169.0-177.6 
177.8-179.8 
179.8-185.0 
241.8-243.0 


Ss,  Sh 
Ss,  Sh 
Ss,  Css 
Css 

Css,  Ss 
Ss,  Sh 
Ss,  Sh 
Ss,  Cbsh 
Cbsh 
Sh 


Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

No  Sample 

Unsuitable 

Unsuitable 

Unsuitable 


%  Sodium 

7   Sodium,  Texture 

%  Sodium 

7   Sodium,  Texture 

7.   Sodium 

7   Sodium 

7   Sodium,  %  Clay 

7   Sodium,  Nickel 

%  Sodium,  7   Clay, 
lead 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


Legend 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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SCREENABLE  SOIL  CHARACTERIZATION 

AS  RELATED  TO 

LAND  RECLAMATION 

By 

William  B.  Peters,  Luvern  L.  Resler,  and  Robert  VaderJi' 


Soil  is  characterized  by  laboratory  methods  to  confirm  judgement  in  field 
appraisals.   There  is  a  tendency  among  most  laboratory  activities  to  "over 
test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain  soils  at  the 
expense  of  not  performing  essential  or  critical  testing  on  particular  samples. 
Also,  laboratory  activities  tend  to  emphasize  comprehensive  analyses  of  samples 
from  master  sites  and  neglect  selection,  sequence,  and  quality  control  in  mass 
testing  performed  on  a  screenable  basis.   The  latter-type  testing  is  frequently 
handled  as  routine  work  utilizing  the  least  dependable  personnel  and  considered 
not  worthy  of  competent  and  close  supervision.   Thus,  too  often  the  screenable 
laboratory  testing  becomes  a  liability  rather  than  an  asset  in  supporting  land 
classification  surveys.   Because  the  screenable  testing  represents  coverage  of 
areas  involving  a  high  sampling  density,  it  serves  as  an  extremely  important 
input  into  land  catergorization.   Therefore,  it  should  be  administered  for  per- 
formance with  respect  to  both  quality  and  quantity  commensurate  with  the  goals 
and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support  judgment 
in  estimating  land  reclamation  potential.   (Overburden  refers  to  the  material 
consolidated  or  unconsolidated  overlying  minable  resources  in  relation  to  surface 
mining.)   Thus,  the  laboratory  analyses  must  be  performed  on  an  action  program 
basis  and  serve  a  practical  purpose.   Therefore,  it  is  essential  the  physical 
and  chemical  characteristics  of  the  soil  and  overburden  be  appraised  in  relation 
to  edaphology;  i.e.,  a  medium  suitable  for  the  support  of  plant  growth,  rather 
than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals,  all 
laboratory  work  should  be  closely  coordinated  with  fieldwork.   Eor  full  effec- 
tiveness, laboratory  studies  must  be  preceded  by  field  studies.   The  number  and 
type  of  studies  will  be  determined  by  area  conditions  -  particularly  variabi- 
lity, the  controlling  project  specifications,  and  needs.   There  should  be  a 
joint  plan  between  field  and  laboratory  investigations  prior  to  taking  of 
samples  if  maximum  utilization  of  data  is  to  be  obtained.   Problems  should  be 
studied  rather  than  standard  or  routine  tests  made  (Kellogg,  1962). 


1/  Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section,  Resource 
Analysis  Branch,  Division  of  Planning  Coordination,  U.S.  Department  of  the 
Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S.A. 
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In  submitting  soil  samples  for  laboratory  characterizations,  the  laboratory 
should  be  furnished  with  pertinent  field  appraisals  along  with  the  tentative 
land  utilization  and  quality  designation.   The  soil  and  subsoil  samples  should 
represent  genetic  horizons  with  no  more  than  60-cra  depth  per  sample.   Substrata 
samples  should  represent  uniform  overburden  with  no  more  than  200  cm  per  sample 
unless  drill  hole  diameters  preclude  obtaining  sufficient  material  for  laboratory 
and  greenhouse  studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished  by 
direct  and  indirect  measurements  for  evaluating  soil  structure  and  its  stabil- 
ity, soil-cation-exchange  capacity  or  surface  area,  and  soil  reaction.   After 
this  is  accomplished,  then  consideration  should  be  given  to  testing  that  con- 
firms, explains  the  causes  of  phenomena  previously  observed  or  predicted, 
reveals  the  presence  of  toxic  elements  (salinity  level,  boron  content,  alkali, 
acidity,  reduction  products,  etc.),  and  indicates  what  and  how  much  is  required 
to  cope  with  the  soil  deficiency  under  eventual  field  conditions  and  the 
moisture  regimen  expected  to  prevail  (Peters,  1965). 

Based  on  present  knowledge  of  the  area,  the  support  characterizations  should 
include  field  measurements  for  water  movement  and  retention  in  soil  and  labora- 
tory determinations  for  structure  stability  (Gardner,  194  5)  through  measurements 
of  floe  volume  and  hydraulic  conductivity  of  fragmented  samples;  moisture  reten- 
tivity  at  15-bars  pressure;  soil  reaction  by  measurement  of  pH  in  water  and 
neutral  salt  solution;  soil  salinity  by  measurement  of  specific  electrical  con- 
ductance of  soil-water  extracts;  soil  solution  concentration  and  composition 
including  sodium  and  calcium  plus  magnesium;  cation  exchange  capacity; 
exchangeable  cation  status;  residual  gypsum;  gypsum  requirement;  acid  soluble 
carbonates;  and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while  reduced, 
but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "lookout"  for  such  con- 
ditions and  characteristics  and  assure  reduced  material  is  also  analyzed  in  an 
aerated  condition.   Samples  exhibiting  acidity  upon  oxidation  should  be  further 
analyzed  to  ascertain  reduction  products  associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be  encountered, 
the  testing  will  be  expanded  to  include  acidity  by  measurement  of  neutral  salt 
exchange  acidity  including  aluminum,  titratable  acidity  (amount  of  acidity 
neutralized  at  a  selected  pH) ,  and  soluble  aluminum. 

In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can  be 
established.   Measurements  of  moisture  retentivity  at  15-bars  pressure  are 
recommended  because  water  content  at  this  potential  is  usually  correlated  with 
several  characteristics  including  amount  and  kind  of  clay,  surface  area,  and 
cation  exchange  capacity.   Moisture  percentages  at  this  potential  would  probably 
not  be  applicable  in  simulating  water  content  at  wilting  for  native  vegetation. 
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In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted  for  the 
time-consuming,  saturated  soil  extracts  in  measuring  electrical  conductance  pro- 
vided limitations  are  ascertained.   The  reliability  of  higher  moisture  contents 
even  as  a  tool  in  screening  depends  on  the  kind  of  salts  present.   For  chloride 

in  appreciable  quantities,  the  apparent  amount  of  soluble  sal t_  will  depend  on 
the  soil-water  ratio  (Richards,  1954). 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  samples  for 
textural  class  through  measurements  of  particle-size  distribution.   This  blanket 
laboratory  analysis  for  soil  textural  class  is  neither  required  nor  desired. 
Particle-size  analysis  should  be  limited  to  master  site  characterization,  the 
occasional  confirmation  of  field  textural  appraisals,  and  the  training  of  new 
employees . 

In  the  screenable  characterization  of  samples,  a  procedure  for  the  sequence  of 
testing  and  screening  of  samples  should  encompass  the  following  phases.  Under 
Phase  1  of  the  scheme,  all  samples  would  be  characterized  for  (1)  soil  structure 
stability  thorugh  measurement  of  hydraulic  conductivity  on  a  fragmented  sample 
basis  during  the  6th  and  24th  hours  and  volume  of  wet  settled  floccules,  (2) 
moisture  retentivity  at  15-bars  pressure,  (3)  electrical  conductivity  of  soil- 
water  extract,  and  (A)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  to  be  salt  affected  should  be  characterized  for  electrical  conductivity 
of  the  saturation  extract  and  sodium  adsorption  ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  and  11  to  be  salt  affected  with  respect  to  sodium  will  be  tested  for 
either  gypsum  requirement  or  residual  gypsum,  depending  on  salinity  levels  and 
associated  pH  values.   Residual  gypsum  will  be  estimated  by  measuring  calcium 
plus  magnesium  in  a  1:5  soil-water  ratio  extract  and  reported  in  milliequivalents 
per  100  grams. 

In  the  fourth  phase,  selected  samples  suspected  through  testing  results  of  Phase  1 
to  be  highly  acid  and  low  in  base  saturation  and  nonsaline  should  be  further 
characterized  for  bases  specifically  sodium  and  calcium  plus  magnesium  and  aci- 
dity including  the  aluminum  component  extractable  with  a  neutral  salt;  i.e., 
1 .ON  potassium  chloride.   This  will  enable  computation  of  effective  soil-cation- 
exchange  capacity;  i.e.,  CEC  at  soil  pH  and  the  exchangeable  aluminum  percentage 
of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during  Phases  1, 
11,  and  IV  to  be  saline  acid  would  be  characterized  for  soluble  aluminum. 

The  above-described  characterization  program  would  not  preclude  testing  on  a 
"complete  analysis"  basis  on  samples  from  master  sites. 
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Soils  and  Water  Laboratory  Procedures  and  References 
Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al.,  1954,  Diagnosis  and  Improvements 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
34b:112-113). 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards  517.5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  A  1:122-123). 

4.  Particle  Density,  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis 
Part  1,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al . ,  1954  ,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  39:122). 

5.  Bulk  Density,  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis  Part  1, 
Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390), 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  38:121-122). 

6.  Moisture  Retention  is  determined  by  ceramic  plates  (Richards,  et  al . , 
1954 ,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  29,  30  and  31:109-110). 

7.  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity  -  determined  by  calculation:   field  capacity- 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.   Carbonates  and  bicarbonates  are  determined  with  automated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  82:14  5-14  6  and  84:14  6),  (C.  A.  Black,  et  al .  , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  62-3.4.1:94  5-94  7  and  62-3.5.1:94  7-94  8),  (M.  J.  Taras ,  et  al .  , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater; 
Thirteenth  Edition,  for  carbonate  and  bicarbonate  only  102:52-56), 
(Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964),  and  (Brown, 
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Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investigation 
ofUSGS,  Chapter  AI ,  "Methods  for  Collection  and  Analysis  of  Water 
Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  -  Laboratory  analysis 
for  chloride  only,  p.  69). 

2.  Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 
Acid  (C.  A.  Black,  et  al .  ,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  73-4  .4  : 1044 -104 9) , 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979, 
EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

3.  Nitrate-Nitrite  are  determined  by  phenoldsulf onic  acid  and  by 
Automated  cadmium  reduction  (Richards,  et  al . ,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
No.  60),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis,  Part  2 , 
Agronomy  No.  9,  American  Society  of  Agronomy  84.5.3:1216-1219)  and 
(M.  J.  Taras,  et  al . ,  Standard  Methods  for  the  Examination  of  Water 
and  Wastewater,  1971,  Thirteenth  Edition,  133:233-237),  (Methods 
for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600  4-79-020, 
353.2:353.2-1-353.2-7). 

4.  Sulfate  is   determined  by  Automated  Methyl  Thymol  Blue  and  turbidimetric , 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600 
4-79-020,  375.2:375.2-1-375.2-4),  (M.  J.  Taras,  et  al . ,  Standard 
Methods  for  the  Examination  of  Water  and  Wastewater,  1971 

Thirteenth  Edition,  156C:   334-336). 

5.  Sodium,  Potassium,  Calcium  and  Magnesium  are  determined  by  Automated 
atomic  absorption  (Perkin-Elmer ,  Analytical  Method  for  Atomic 
Absorption  Spectrophotometry,  1973),  and  (Brown,  Skougstad  and  Fishman, 
Techniques  of  Water  Resources  Investigation  of  USGS,  Chapter  AI , 
"Methods  of  Collection  and  Analysis  of  Water  Samples  for  Dissolved 
Minerals  and  Gases,"  Book  5  -  Laboratory  Analysis,  66,  109,  133  and  143). 

Trace  Metals 

1.   Trace  Metals  are  determined  by  atomic  absorption  with  flame  or  graphite 
furnace  (Perkin-Elmer,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973),  (Brown,  Skougstad  and  Fishman,  Techniques 
of  Water  Resources  Investigation  of  USGS,  Chapter  AI ,  "Methods  for 
Collection  and  Analysis  of  Water  Samples  for  Dissolved  Minerals  and 
Gases,"  Boole  5  -  Laboratory  Analysis,  50-157),  (M.  J.  Taras,  et  al .  , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  1971 
Thirteenth  Edition),  and  (Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600-4 -79-020) . 


Chemical  Soil  Characterization 

1.   pH  reading  of  1:5  Soil  Suspension  (Richards,  et  al . ,  1954,  Diagnosis 
and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
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No.  60,  21b:102),  (C  A.  Black,  et  al . ,  Methods  of  Soil  Analysis, 
Part  2  Agronomy  No.  9,  American  Society  of  Agronomy  60-3 .A :922-923) 
and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964  ) . 


2.  pH  reading  in  CaCl2  Solution  (C.  A.  Black,  et  al . ,  Methods  of  Soil 
Analysis ,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy 
60-3.5:923).  - 

3.  Saturation  Extract  taken  from  saturated  soil  paste  using  Bariod  filter 
press  and  measuring  soluble  salts  by  use  of  electrode  conductivity 
bridge  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  2  and  3:84-88, 
27:107  and  4:89-90),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  62-1:933-988) 

and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964). 

4 .  Exchangeable  Sodium  and  Potassium  are  extracted  by  ammonium  acetate 
solution.   Cation-Exchange  Capacity  determined  using  Sodium  Acetate 

as  index  ion  and  follow  with  Ammonium  Acetate  (Richards,   et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  18:100-101  and  19:101)  and  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9  American  Society  of 
Agronomy  72-3:1033,  72-3.2.1:1034  and  57-1:891-895). 

5.  Exchangeable  Sodium  Percentage  is  determined  by  calculation  relationship 

being  NfL  x  100  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvement 
CEC 

of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium  content 
upon  dilution  (Richards,  et  al .  ,  1954,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  22c: 104). 

7.  Gypsum  Requirement  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvement 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
22d:104-105). 

8.  Boron  was  determined  by  extraction  with  hot  water  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  75-4:1062-1063  and  62-3.6  949-951). 

9.  Percent  Organic  Carbon  is  determined  with  Technicon  Auto  Analyzer  II. 

10.  Total  Carbonate  expressed  as  %  calcium  carbonate,  acid-neutralization, 
(C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis  Part  2,  Agronomy  No.  9, 
American  Society  of  Agronomy,  91-4:1387-1388)7  (Richards  et  al . ,  1954 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  23c : 105-106) . 

11.  SAR  (sodium  adsorption  ratio)  determined  by  calculation:    SAR  = 

V(Ca  +  Mg)/2 
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GLOSSARY 

Alluvium  -  A  general  term  for  clay,  silt,  sand,  gravel,  or  similar 

unconsolidated  detrital  material  deposited  by  a  stream  or  other  body 
of  running  water  as  a  sorted  or  semisorted  sediment  in  the  bed  of  the 
stream  or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at  the  base 
of  a  mountain  slope. 

Annual  Plant  (annuals)  -  A  plant  that  completes  its  life  cycle  and  dies  in 
1  year  or  less. 

Aspect  -  The  direction  toward  which  a  slope  faces.   Exposure. 

Available  Nutrient  -  The  part  of  the  supply  of  a  plant  nutrient  in  the  soil 
that  can  be  taken  up  by  plants  at  rates  and  in  amounts  significant  to 
plant  growth. 

Available  Water  -  The  part  of  the  water  in  the  soil  that  can  be  taken  up  by 
plants  at  rates  significant  to  their  growth.   Usable:   obtainable. 

Bedrock  -  Any  consolidated  material  (shale,  sandstone,  etc.)  soft,  weathered 
or  hard  that  has  remained  in  place  and  is  relatively  unchanged. 

Broadcast  Seeding  -  Scattering  seed  on  the  surface  of  the  soil.   Contrast 
with  drill  seeding  which  places  the  seed  in  rows  in  the  soil. 

Buffer  -  Substances  in  soil  or  water  that  act  chemically  to  resist  changes 
in  reaction  of  pH. 

Calcareous  Soil  -  Soil  containing  sufficient  calcium  carbonate  (often  with 
magnesium  carbonate)  to  effervesce  visibly  when  treated  with  cold 
0.1  normal  hydrochloric  acid. 

Capillary  Water  -  The  water  held  in  the  "capillary"  or  small  pores  of  a 

soil,  usually  with  tension  greater  than  60  centimeters  of  the  water. 
Much  of  this  water  is  considered  to  be  readily  available  to  plants. 

CFS,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization  -  Erosion  prevention  and  stabilization  of  velocity 

distribution  in  a  channel,  using  jetties,  drops,  revetments,  vegetation, 
and  other  measures. 

Clay  (soils)  -  (1)  A  mineral  soil  separate  consisting  of  particles  less  than 

0.002  millimeter  diameter.   (2)  A  soil  textural  class.   (3)  (engineering) 
A  fine-grained  soil  that  has  a  high  plasticity  index  in  relation  to 
the  liquid  limits. 

Colluvium  -  A  general  term  applied  to  loose,  heterogeneous  (mixed)  deposits 
of  soil  material  and/or  rock  fragments  near  the  base  of  rather  steep 
slopes.   The  deposits  have  accumulated  through  mass  wasting  (slides), 
soil  creep,  and  local  wash. 
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Compaction  -  The  closing  of  the  pore  spaces  among  the  particles  of  soil 

and  rock,  generally  caused  by  running  heavy  equipment  over  the  area, 
as  in  the  process  of  leveling  the  overburden  material  of  strip  mine 
banks. 

Companion  Crop  -  (See  Nurse  Crop). 

Conifer  -  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen  with 
cones  and  needle-shaped  or  scale-like  leaves  and  producing  wood  known 
commercially  as  "softwood." 

Contour  -  An  imaginary  line  connecting  points  of  equal  height  above  sea 
level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant  -  A  plant  that  makes  its  major  growth  during  the  cool 
portion  of  the  year,  primarily  in  the  spring  but  in  some  localities 
in  the  winter. 

Deciduous  -  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at  a 
certain  season. 

Deep  Chiseling  -  Deep  chiseling  is  a  surface  treatment  that  loosens  compacted 
spoils.   The  process  creates  a  series  of  parallel  slots  on  the  contour 
in  the  spoils  surface  which  impedes  water  flows  and  markedly  increases 
infiltration. 

Density,  Forage  -  The  percent  of  ground  surface  which  appears  to  be  completely 
covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand  -  Density  of  stocking  expressed  in  number  of  trees  per  acre. 

Dissolved  Solids  -  The  difference  between  the  total  and  suspended  solids 
in  water. 

Disturbed  Land  -  Land  on  which  excavation  has  occurred  or  upon  which  over- 
burden has  been  deposited,  or  both. 

Dozer  or  Bulldozer  -  Tractor  with  a  steel  plate  or  blade  mounted  on  the 
front  end  in  such  a  manner  that  it  can  be  used  to  cut  into  earth  or 
other  material  and  move  said  material  primarily  forward  by  pushing. 

Ecology  -  The  science  that  deals  with  the  mutual  relation  of  plants  and 
animals  to  one  another  and  to  their  environment. 

Ecosystem  -  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation  -  That  portion  of  total  precipitation  that  becomes 
available  for  plant  growth.   It  does  not  include  precipitation  lost 
to  deep  percolation  below  the  root  zone  or  to  surface  runoff. 

Effluent  -  Any  water  flowing  out  of  the  ground  or  from  an  enclosure  to  the 
surface  flow  network. 
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Environment  -  All  external  conditions  that  may  act  upon  an  organism  or  soil 
to  influence  its  development,  including  sunlight,  temperature,  moisture 
and  other  organisms. 

Erodibility  -  The  relative  ease  with  which  one  soil  erodes  under  specified 
conditions  of  slope  as  compared  with  other  soils  under  the  same 
conditions;  this  applies  to  both  sheet  and  gully  erosion. 

Erosion  -  The  wearing  away  of  the  land  surface  by  running  water,  wind,  ice, 
or  other  geological  agents,  including  such  processes  as  gravitational 
creep.   Detachment  and  movement  of  soil  or  rock  fragments  by  water, 
wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition)  -  A  chemical  element  required  for  the 
normal  growth  of  plants. 

Evapotranspiration  -  A  collective  term  meaning  the  loss  of  water  to  the 
atmosphere  from  both  evaporation  and  transpiration  by  vegetation. 

Excavation  -  The  act  of  removing  overburden  material. 

Fertilizer  -  Any  natural  or  manufactured  material  added  to  the  soil  in  order 
to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade  -  The  guaranteed  minimum  analysis  in  whole  numbers,  in 

percent,  of  the  major  plant  nutrient  elements  contained  in  a  fertilizer 
material  or  in  a  mixed  fertilizer.   For  example,  a  fertilizer  with  a 
grade  of  20-10-5  contains  20  percent  nitrogen  (N) ,  10  percent  available 
phosphoric  acid  (P  0  )  ,  and  5  percent  water  soluble  potash  (K  0)  . 
Minor  elements  may  also  be  included.   Recent  trends  are  to  express  the 
percentages  in  terms  of  the  elemental  fertilizer  [nitrogen  (N) , 
phosphorous  (P) ,  and  potassium  (K) ] . 

Fill  -  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the  surface 
to  a  predetermined  grade.   Also,  the  material  itself. 

Forage  -  Unharvested  plant  material  which  can  be  used  as  feed  by  domestic 
animals.   Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land  -  Land  bearing  a  stand  of  trees  at  any  age  or  stature,  including 
seedlings  and  of  species  attaining  a  minumum  of  6  feet  average  height 
at  maturity  or  land  from  which  such  a  stand  has  been  removed  but  on  which 
no  other  use  has  been  substituted.   The  term  is  commonly  limited  to  land 
not  in  farms;  forests  on  the  farms  are  commonly  called  woodland  or  farm 
forests. 

Germination  -  Sprouting;  beginning  of  growth. 

Gradation  -  A  term  used  to  describe  the  series  of  sizes  into  which  a  soil 
sample  can  be  divided. 

Grain  Size  -  Physical  size  of  soil  particle,  usually  determined  by  either 
sieve  or  hydrometer  analysis. 
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Ground  Cover  -  Any  living  or  dead  vegetative  material  producing  a  protective 
mat  on  or  just  above  the  soil  surface. 

Ground  Water  -  Subsurface  water  occupying  the  saturation  zone,  from  which 

wells  and  springs  are  fed.   In  a  strict  sense  the  term  applies  only  to 
water  below  water  table.   Also  called  plerotic  water;  phreatic 
water . 

Growing  Season  -  Determined  by  the  Lowery- Johnson  Method. 

Gully  Erosion  -  Removal  of  soil  by  running  water  with  formation  of  deep 

channels  that  cannot  be  smoothed  out  completely  by  normal  cultivation. 

Hydroseeding  -  Dissemination  of  seed  hydraulically  in  a  water  medium. 
Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the  sprayed 
mixture. 

Impervious  -  Prohibits  fluid  flow. 

Infiltration  -  The  downward  entry  of  water  into  the  land  surface. 

Intermittent  Stream  -  A  stream  or  portion  of  a  stream  that  flows  only  in 
direct  response  to  precipitation.   It  receives  little  or  no  water 
from  springs  and  is  dry  for  a  large  part  of  the  year. 

Land  Classification  -  Classification  of  specific  bodies  of  land  according 
to  their  characteristics  or  to  their  capabilities  for  use.   A  use 
capability  classification  may  be  defined  as  one  based  on  both  physical 
and  economic  considerations  according  to  their  capabilities  for  man's 
use,  with  sufficient  detail  of  categorical  definition  and  cartographic 
(mapping)  expression  to  indicate  those  differences  signigicant  to  men. 

Land  Use  Planning  -  The  development  of  plans  for  the  uses  of  land  that,  over 
long  periods,  will  best  serve  the  general"  welfare,  together  with  the 
formulation  of  ways  and  means  for  achieving  such  uses. 

Leaching  -  The  removal  of  materials  in  solution  by  the  passage  of  water 
through  soil. 

Leachate  -  Liquid  that  has  percolated  through  a  medium  and  has  extracted 
dissolved  or  suspended  materials  from  it. 

Legume  -  A  member  of  the  legume  or  pulse  family,  leguminosae.   One  of  the 
most  important  and  widely  distributed  plant  families.   Includes  many 
valuable  food  and  forage  species,  such  as  the  peas,  beans,  peanuts, 
clovers,  alfalfas,  sweet  clovers,  lespedezas,  vetches  and  kudzu. 
Practically  all  legumes  are  nitrogen-fixing  plants. 

Lime  -  From  strictly  chemical  standpoint,  refers  to  only  one  compound, 
calcium  oxide  (CaO) ;  however,  the  term  lime  is  commonly  used  in 
agriculture  to  include  a  great  variety  of  materials  which  are  usually 
composed  of  the  oxide,  hydroxide,  or  cabonate  of  calcium  or  of 
calcium  and  magnesium.   The  most  commonly  used  forms  of  agricultural 
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lime  are  ground  limestone,  marl,  and  oyster  shells  (carbonates), 
hydrated  lime  (hydroxides) ,  and  burnt  lime  (oxides) . 

Quicklime  -  limestone  +  heat  (calcined) ,  CaO 

Hydrated  Line  -  quicklime  +  H20   Ca(0H)2 

Slaked  lime  -  same  as  hydrated  but  slaking  equipment  is  used 

for  adding  water 
Milk  of  lime  -  water  mixture  containing  lime  in  solution  +  lime 

in  suspension 

Micro-Climate  -  A  local  climatic  condition  near  the  ground  resulting  from 
modification  of  relief,  exposure,  or  cover. 

Micro-Nutrients  -  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land  -  Land  with  new  surface  characteristics  due  to  the  removal  of 
mineable  commodity  by  surface  mining  methods  and  subsequent  surface 
reclamation. 

Mulch  -  A  natural  or  artificial  layer  of  plant  residue  or  other  materials 
placed  on  the  soil  surface  to  protect  seeds,  to  prevent  blowing,  to 
retain  soil  moisture,  to  curtail  erosion,  and  to  modify  soil  temperature. 

Natural  Revegetation  -  Natural  reestablishment  of  plants;  propragation  of 
new  plants  over  an  area  by  natural  processes. 

Natural  seeding  (Volunteer)  -  Natural  distribution  of  seed  over  an  area. 

Neutralization  -  The  process  of  adding  an  acid  or  alkaline  material  to 
water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil  -  A  soil  in  which  the  surface  layer,  at  least  from  normal  plow 
depth,  is  neither  acid  nor  alkaline  in  reaction.   For  most  practical 
purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation  -  The  conversion  of  atmospheric  (free)  nitrogen  to  nitrogen 
compounds.   In  soils  the  assimilation  of  free  nitrogen  from  the  air  by 
soil  organisms  (making  the  nitrogen  eventually  available  to  plants) . 
Nitrogen  fixing  organisms  associated  with  plants  such  as  the  legumes 
are  called  symbiotic;  those  not  definitely  associated  with  plants  are 
called  nonsymbiotic . 

Nurse  Crop  -  A  planting  or  seeding  that  is  used  to  protect  a  tender  species 

during  its  early  life.   A  nurse  crop  is  usually  temporary  and  gives  away 
to  the  permanent  crop.   Sometimes  referred  to  as  a  companion  crop. 

Nutrients  -  Any  element  taken  into  a  plant  that  is  essential  to  its  growth. 

Overburden  -  Barren  rock  material,  usually  unconsolidated,  overlying  a 
mineral  deposit  and  which  must  be  removed  prior  to  mining. 
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Percolation  -  Downward  movement  of  water  through  soils. 

Permeability  -  The  measure  of  the  capacity  for  transmitting  a  fluid  through 
the  substance.   In  this  report  the  substance  is  overburden  (soil  and 
bedrock) . 

pH  -  The  symbol  or  term  refers  to  a  scale  commonly  used  to  express  the 
dees  of  acidity  or  alkalinity.   On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the  point 
of  neutrality  at  which  there  is  neither  acidity  or  alkalinity.   pH  is 
not  a  measure  of  the  weight  of  acid  or  alkali  contained  in  or  available 
in  a  given  volume  (-Log  of  H+  activity). 

Pollution  -  Environmental  degradation  resulting  from  man's  activities  or 
natural  events. 

Pond  -  A  body  of  water  of  limited  size  either  naturally  or  artificially 
cofined  and  usually  smaller  than  a  lake. 

Rain  -  (1)  Heavy — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min) . 

(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  a  trace  and  0.10  in.  per  hr  (0.01  inch  in  6  min). 

(3)  Moderate — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  0.11  in.  per  hr  (0.01+  inch  in  6  min)  and  0.30  in. 
per  hr  (0.03  inch  in  6  min). 

Range  Land  -  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  forbs,  or  shrubs. 

Percolation  Rate  -  Usually  expressed  as  a  velocity,  at  which  water  moves 
through  saturated  granular  material.   The  term  is  also  applied  to 
quantity  per  unit  or  time  of  such  movement,  ans  has  been  used  erroneously 
to  designate  infiltration  rate  or  infiltration  capacity. 

Reclamation  -  The  process  of  reconverting  mined  land  to  its  former  or  other 
productive  uses. 

Reconstructed  Profile  -  The  result  of  selective  placement  of  suitable  overburden 
material  on  reshaped  spoils. 

Recreation  Land  -  Land  and  water  used,  or  usable  primarily  as  sites  for  outdoor 
recreation  facilities  and  activities. 

Reforestation  -  The  natural  or  artificial  restocking  of  an  area  with  forest 
trees. 

Regrading  -  The  movement  of  earth  over  a  depression  to  change  the  shape  of 
the  land  surface.   A  finer  form  of  backfilling. 

Rehabilitation  -  Implies  that  the  land  will  be  returned  to  a  form  and 

productivity  in  conformity  with  a  prior  land  use  plan,  including  a 
stable  ecological  state  that  does  not  contribute  substantially  to 
environmental  deterioration  and  is  consistent  with  surrounding 
aesthetic  values. 
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Revegetation  -  The  reestablishment  of  a  vegetative  cover  following  land 
disturbance. 

Ripping  -  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long  angled 
steel  tooth,  compacted  spoils  or  rock  into  pieces  small  enough  to  be 
economically  excavated  or  moved  by  other  equipment  as  a  scraper  or 
dozer. 

Runoff  -  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 

strata:   is  utilized  by  vegetation  or  lost  by  evaporation  or  may  find 
its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil  -  A  soil  having  a  combination  of  a  harmful  quantity  of 
soluble  salts  and  either  a  high  degree  of  sodicity  or  a  high  amount 
of  exchangeable  sodium,  or  both,  so  distributed  in  the  soil  profile 
that  the  growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil  -  A  soil  containing  enough  soluble  salts  to  impair  its  productivity 
for  plants  but  not  containing  an  excess  of  exchangeable  sodium. 

Sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being  those 
of  sand. 

Saturation  -  Completely  filled;  a  condition  reached  by  a  material,  whether 
it  be  in  solid,  gaseous,  or  liquid  state,  which  holds  another  material 
within  itself  in  a  given  state  in  an  amount  such  that  no  more  of  such 
material  can  be  held  within  it  in  the  same  state.   The  material  is  then 
said  to  be  saturated  or  in  a  condition  of  saturation. 

Sediment  -  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 
is  being  transported,  or  has  been  moved  from  its  site  of  origin  by 
air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's  surface 
either  above  or  below  sea  level. 

Sediment  Basin  -  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed  -  The  soil  prepared  by  natural  or  artificial  means  to  promote  the 
germination  of  seed  and  growth  of  seedlings. 

Seep  -  A  more  or  less  poorly  defined  area  where  water  oozes  from  the  earth 
in  small  quantities. 

Shale  -  Sedimentary  or  stratified  rock  structure  generally  formed  by  the 
consolidation  of  clay  or  clay-like  material. 

Silt  -  Small  mineral  soil  grains,  the  particles  of  which  range  in  diameter 
from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  international  system). 
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Soil  (See  Acid  Soil  and  Alkaline  Soil)  -  Surface  layer  of  the  earth,  ranging 
in  thickness  from  a  few  inches  to  several  feet  composed  of  finely 
divided  rock  debris  mixed  with  decomposing  vegetative  and  animal  matter 
which  is  capable  of  supporting  plant  growth. 

Soil  Amendment  -  Any  substance  used  to  alter  one  or  more  of  the  many  soil 

properties.   These  include  soil  conditioning  agents,  fertilizers,  lime 
and  manures,  to  name  a  few. 

Soil  Conserving  Crops  -  Crops  that  prevent  or  retard  erosion  and  maintain 
or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity  -  The  degree  to  which  the  soil  mass  is  permeated  with  pores 
or  cavities.   It  is  expressed  as  the  percentage  of  the  whole  volume 
of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile  -  A  vertical  section  of  the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Soil  Structure  -  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  peds. 

Solum  -  The  upper  part  of  a  soil  profile,  above  the  parent  material,  in 

which  the  processes  of  soil  formation  are  active.   The  solum  in  natural 
soils  includes  the  A  and  B  horizons.   Usually  the  characteristics  of 
the  material  in  these  horizons  are  quite  unlike  those  of  the  underlying 
parent  material.   The  living  roots  and  other  plant  life  and  animal  life 
characteristic  of  the  soil  are  largely  confined  to  the  solum. 

Spoil  -  The  overburden  or  non-coal  material  removed  in  gaining  access  to  the 
coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile)  -  Area  created  by  the  deposited  soil  or  overburden 
material  prior  to  backfilling.   Also  called  cast  overburden. 

Stratified  -  Composed  of,  or  arranged  in,  strata  or  layers,  as  stratified 
alluvium.   The  term  is  applied  to  geological  materials.   Those  layers 
in  soils  that  are  produced  by  the  processes  of  soil  formation  are 
called  horizons,  while  those  inherited  from  parent  material  are  called 
strata. 

Strip  -  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Stripping  -  The  removal  of  earth  or  non-ore  rock  materials  as  required  to 
gain  access  to  the  ore  or  mineral  materials  wanted.   The  process  of 
removing  overburden  or  waste  material  in  a  surface  mining  operation. 

Subsoil  -  The  B  horizon  of  soils  with  distinct  profiles.   In  soils  with  weak 
profile  development,  the  subsoil  can  be  defined  as  the  soil  below  the 
plowed  soil  (or  its  equivalent  of  surface  soil)  in  which  roots  normally 
grow.   Although  a  common  term,  it  cannot  be  defined  accurately.   It 
has  been  carried  over  from  early  days  when  "soil"  was  conceived  only 
as  the  plowed  soil  and  that  under  it  as  "subsoil." 
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Substratum  -  Alluvial,  colluvial,  or  bedrock  material  that  underlies  the 
soil  profile. 

Surface  Mining  -  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  resource  to  be  mined  in  a  series 
of  rows  or  strips;  also  referred  to  as  "strip  mining." 

Surface  Soil  -  The  upper  part  of  arable  soils  commonly  stirred' by  tillage 

implements  or  an  equivalent  depth  (5  to  8  minches)  in  non-arable  soils. 

Suspended  Soilids  -  Sediment  which  is  in  suspension  in  water  but  which  will 
physically  settle  out  under  quiescent  conditions  (as  differentiated 
from  dissolved  material) . 

Terrace  -  Sloping  ground  cut  into  a  succession  of  benches  and  steep  inclines 
for  purposes  of  cultivation  or  to  control  surface  runoff  and  minimize 
soil  erosion. 

Terraced  Slope  -  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture  (Soils)  -  Refers  to  the  fineness  or  coarseness  of  a  soil.   Specifically, 
it  refers  to  the  relative  proportions  of  the  various  soil  separates 
(sand,  silt,  clay)  in  a  given  soil. 

Topdressing  Material  -  Material  that  is  well  suited  for  plant  media.   Desired 
characteristics  include:   fertile,  good  tilth,  permeable,  contains 
organic  matter,  nonsaline,  nonsodic  and  has  water  stable  aggregates. 

Tilth  -  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for  the 
growth  of  a  specified  plant. 

Topography  -  The  shape  of  the  ground  surface,  such  as  hills,  mountains,  or 
plains.   Steep  topography  indicates  steep  slopes  or  hilly  land;  flat 
topography  indicates  flat  land  with  minor  undulations  and  gentle 
slopes. 

Toxic  Spoil  (See  also  Acid  Spoil)  -  Includes  acid  spoil  with  pH  below  4.0. 
Also  refers  to  spoil  containing  excessive  levels  of  exhangeable  sodium 
or  trace  elements  (i.e.,  selenium,  lead,  etc.). 

Transpiration  -  The  normal  loss  of  water  vapor  to  the  atmosphere  from  plants. 

Unconsolidated  (soil  material)  -  Soil  material  in  a  form  of  loose  aggregation. 

Vegetation  -  General  term  including  grasses,  legumes,  shrubs,  and  trees  naturally 
occurring  and  planted  intentionally. 

Vegetative  Cover  -  The  entire  vegetative  canopy  on  an  area. 

Volunteer  -  Springing  up  spontaneously  or  without  being  planted;  a  volunteer 
plant . 
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Weathering  -  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife  -  Undomesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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Table  41 


Analysis  of  Variance  of  Fresh  and  Dry 
Weights  as  Related  to  Soils. 

"F"  Test  -  ANOVA 


Soil 

T-No. 

Fresh  Weight 

Dry  Weight 

1 

1-5 

1.41  NS 

2.12  NS 

2 

6-12 

4.70  * 

4.05  * 

3 

13-18 

0.02  NS 

0.20  NS 

4 

19-23 

13.56  ** 

8.76  ** 

5 

24-26 

0.76  NS 

1.11  NS 

6 

27-31 

0.71  NS 

0.56  NS 

7 

32-37 

6.41  ** 

2.55  NS 

Total 

1.88  ** 

0.46  NS 

*   Significant  @  0.05  level 
**  Significant  @  0.01  level 
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Test  of  Significance  of  Means  of  Dry  Weight  vs.  Soil 

Horizons 


Soil  Number 


Hor.      Mean    Hor.    Mean    Hor .    Mean    Hor.  ^   Mean 


T1 

0.64 

T6 

0.67a 

T13 

0.31a 

T19 

0.52 

T2 

0.44ab 

T7 

0.27b 

T14 

0.32a 

T20 

0.33b 

T3 

0.34b 

T8 

0.34b 

T15 

0.25a 

T21 

0.19c 

T4 

0.39b 

T9 

0.28b 

T16 

0.30 

T22 

0.15c 

T5 

0.47ab 

T10 

0.23b 

T17 

0.37a 

T23 

0.15c 

T11 

0.31b 

T18 

0.37 

T12 

0.32b 

Values  followed  by  different  letters  are  significantly  different 
at  the  0.05  level. 
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Test  of  Significance  of  Means  of  Dry  Weight  vs.  Soil 
Horizons. (continued) 


Soil  Number 


5  6  7 

Hor.      Mean    Hor.    Mean    Hor.    Mean 


T24 

0.28a 

T27 

0.74a 

T32 

0.45a 

T25 

0.37a 

T28 

0.85a 

T33 

0.21b 

T26 

0.34a 

T29 

0.50a 

T34 

0.20b 

T30 

0.68a 

T35 

0.24b 

T31 

0.62a 

T36 
T37 

0.23b 
0.28b 

Values  followed  by  different  letters  are  significantly  different 
at  the  0.05  level. 
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Test  of  Significance  of  Means  of  Fresh  Weight  vs.  Soil 

Horizons 


Soil  Number 


Hor 


Mean 


Hor. 


Mean 


Hor 


Mean 


Hor. 


Mean 


T1 

4.18a 

T6 

4.42a 

T13 

1.37a 

T19 

3.43a 

T2 

2.94b 

T7 

1.71b 

T14 

2.19a 

T20 

2.04b 

T3 

2.54b 

T8 

1.82b 

T15 

1.71a 

T21 

0.89c 

T4 

2.44b 

T9 

1.65b 

T16 

1.86a 

T22 

0.75c 

T5 

3.24ab 

T10 

1.09b 

T17 

2.58a 

T23 

0.77c 

T11 

1.42b 

T18 

2.59a 

T12 

1.66b 

Values  followed  by  different  letters  are  significantly  different 
at  the  0.05  level. 
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Test  of  Significance  of  Means  of  Fresh  Weight  vs.  Soil 

Horizons. (continued) 


Soil  Number 


5  6  7 

Hor .      Mean    Hor .    Mean    Hor.    Mean 


T24 

1.2a 

T27 

5.09a 

T32 

2.98a 

T25 

1.6a 

T28 

5.15a 

T33 

0.95b 

T26 

2.0a 

T29 

3.50a 

T34 

1.25b 

T30 

4.80a 

T35 

1.43b 

T31 

3.65a 

T36 

T37 

1.40b 
1.46b 

Values  followed  by  different  letters  are  significantly  different 
at  the  0.05  level. 
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Descriptive  Condition  of  Plants  on  August  13,1981 

Sample  No.  Description 

T-1       Fair  germination;  slight  leaf  yellowing;  upright;  all 
reps. 

T-2  Good  germination;  slight  tip  burn;  all  reps. 

T-3  Good  germination;  good  color;  2  of  3  reps. 

T-4  Fair  germination;  severe  yellowing;  all  reps. 

T-5  Good  to  fair  germination;  moderate  yellowing;  all  reps. 

T-6  Fair  germination;  severe  yellowing;  all  reps. 

T-7  Excellent  germination;  good  color;  all  reps. 

T-8  Excellent  germination;  good  color;  all  reps. 


T-9  Good  germination;  good  color 
T-10  Good  germination;  good  color 
T-11      Good  germination;  good  color 


all  reps, 
all  reps, 
two  reps. 


T-12      Excellent  germination;  good  growth  all  reps. 

T-1 3      Good  germination;  fair  growth;  moderate  yellowing;  all 
reps. 

T-14      Good  germination;  good  growth;  all  reps. 

T-15      Good  germination;  good  growth;  all  reps. 

T-16      Good  germination  and  growth  in  two  reps,  poor  in  third. 

T-17      Good  to  fair  germination;  moderate  to  severe  yellowing; 
all  reps. 

T-18      Good  germination;  fair  growth;  moderate  leaf 
yellowing; 
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Descriptive  Condition  of  plants  on  August  13,  1981 


Sample  No, 


Description 


T-19 

T-20 

T-21 

T-22 
T-23 
T-2U 
T-25 

T-26 
T-27 
T-28 
T-29 
T-30 
T-31 
T-32 

T-33 
T-34 

T-35 
T-36 

T-37 


Fair  to  poor  germination;  fair  growth;  moderate  leaf 
yellowing; 

Good  germination;  good  growth  in  two  reps,  fair  in 
third. 

Good  germination  and  good  growth  in  two  reps,  poor  in 
third. 

Good  germination;  good  growth;  good  color. 

Good  germination;  good  growth;  good  color. 

Good  germination;  good  growth;  good  color. 

Good  germination  in  two  reps;  good  growth;  slight 
tip  burn. 

Poor  germination  in  two  reps;  fair  growth;  good  color 


Good  germination 
Fair  germination 
Fair  germination 
Fair  germination 
Fair  germination 
Fair  germination 
Good  germination 


good  growth 
good  growth 
poor  growth 
poor  growth 
poor  growth 
fair  growth 
fair  to  good  growth; 


slight  yellowing 
severe  yellowing: 
severe  yellowing: 
moderate  yellowing; 


Good  germination  in  two  reps,  poor  in  third,  good 
growth; 

Poor  germination;  poor  growth; 

Poor  germination;  poor  growth; 

Good  germination  in  two  reps,  poor  in  third;  fair 
growth; 


Table  45 


Top/Root  Ratio  for  Selected  Soils 


Sample 
No. 

Soil 
Depth 

Top 
Weight 

Root 
Weight 

Top/Root 
Ratio 

T-13 

T-18 

0-17 
102-120 

7-47 
1.48 

8.55 
1.95 

0.87 
0.76 

T-19 

T-22 

0-17 
60.84 

6.05 
4.25 

13.41 
13.20 

0.45 
0.32 

T-24 
T-25 

o-n 

4-14 

6.36 
8.82 

7.62 
8.01 

0.83 
1.10 

T-27 
T-31 

0-5 
72-120 

10.25 
8.95 

15.25 
4.75 

0.67 
1.88 

T-32 
T-33 

0-8 
8-27 

10.11 
4.50 

9.53 
8.81 

1.06 
0.51 

Control 

- 

14.78 

9.52 

1.55 

Table  46 


Correlation  Coefficients  for  Preplant  Analysis 


Dry 

Correlation 

Weights 

vs. 

Coefficient  (R) 

SAR 

-0.547 

«« 

EC 

-0.424 

** 

Sat  % 

-0.276 

** 

pH 

-0.523 

** 

Sand  % 

+0.598 

** 

Silt  % 

-0.470 

»* 

Clay  % 

-0.516 

** 

CEC 

+0.070 

NS 

As 

-0.072 

NS 

B 

-0.604 

ft* 

Mn 

-0.411 

** 

Avail. K 

+0.217 

NS 

Fe 

-0.162 

NS 

Zn 

0 

Cu 

0 

P 

0 

Mo 

0 

Sat .Ext 

.Ca 

-0.155 

NS 

Sat .Ext 

.Mg 

-0.164 

NS 

Coefficient  of 
Determination  (R  ) 


0.299 

0.179 

0.076 

0.274 

0.358 

0.221 

0.266 

0.005 

0.005 

0.365 

0.169 

0.047 

0.026 

0 

0 

0 

0 

0.024 

0.027 


**  Statistically  significant  at  0.01% 
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Plant  Tissue  Analysis 


Sample 

P 

K 

Ca 

Mg 

No. 

% 

% 

% 

% 

T-1 

0.51 

3.68 

.80 

•  36 

- 

T-2 

0.48 

2.77 

.53 

.58 

T-3 

0.63 

2.65 

.24 

.81 

T-H 

0.63 

2.96 

.24 

.86 

T-5 

0.62 

2.81 

.24 

.69 

T-6 

0.51 

3.38 

.69 

.40 

T-7 

0.35 

1.44 

.18 

.39 

T-8 

0.31 

1.84 

.20 

.40 

T-9 

0.35 

1.81 

.24 

•  38 

T-10 

0.31 

2.39 

.52 

.41 

T-1 1 

0.38 

2.50 

.34 

.37 

T-1 2 

0.27 

2.33 

.29 

.33 

T-13 

0.50 

3.67 

.76 

.47 

T-14 

0.39 

2.13 

.43 

.56 

T-1 5 

0.51 

2.31 

.28 

.68 

T-16 

0.41 

2.14 

.21 

.66 

T-17 

0.59 

2.32 

.17 

.53 

T-1 8 

0.54 

2.21 

.18 

.62 

T-1 9 

0.41 

3.51 

.83 

.40 

T-20 

0.32 

1.85 

.39 

.37 

T-21 

0.28 

2.78 

.31 

.66 

T-22 

0.25 

2.42 

.14 

.54 

T-23 

0.31 

2.63 

.16 

.52 

T-24 

0.37 

3.66 

.45 

.50 

T-25 

0.43 

3.91 

.38    , 

.56 

T-26 

0.3^ 

3.37 

.29 

.51 

T-27 

0.45 

3.29 

.79 

.29 

T-28 

0.49 

2.43 

.67 

.27 

T-29 

0.60 

3.11 

.70 

.33 

T-30 

0.82 

3.90 

.81 

.57 

T-31 

0.55 

2.62 

.31 

.64 

T-32 

0.56 

4.11 

.69 

.37 

T-33 

0.24 

2.34 

.28 

.37 

T-34 

0.27 

2.55 

.17 

.44 

T-35 

0.33 

2.76 

.12 

.43 

T-36 

0.36 

2.51 

.12 

.42 

T-37 

0.30 

2.05 

.12 

.36 

Plant  Tissue  Analysis  (continued) 
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Sample 

Zn 

B 

Mn 

Mo 

No. 

ppm 

ppm 

ppm 

ppm 

T-1 

166.1 

3.0 

34.2 

<0 

T-2 

90.1 

7.6 

42.6 

<0 

T-3 

20.9 

4.8 

41.1 

<0 

T-4 

18.9 

8.0 

45.1 

1.7 

T-5 

33.5 

11.9 

50.2 

3.6 

T-6 

24.8 

5.1 

47.5 

.2 

T-7 

32.6 

8.1 

54.3 

1.5 

T-8 

30.9 

15.2 

57.9 

1.6 

T-9 

12.8 

23.3 

69.6 

3.4 

T-10 

14.8 

53.6 

90.7 

6.4 

T-1 1 

25.6 

83.2 

75.4 

3.2 

T-12 

38.0 

67-0 

78.6 

5.2 

T-13 

12.1 

5.8 

56.2 

0.9 

T-1 4 

20.8 

8.5 

46.5 

<0 

T-15 

22.8 

6.8 

47.4 

0.8 

T-16 

31.1 

8.9 

48.0 

0.8 

T-17 

28.9 

16.2 

55.9 

4.5 

T-18 

22.0 

36.3 

36.3 

6.6 

T-19 

22.8 

5.8 

44.3 

0.6 

T-20 

18.4 

4.55 

41.2 

<0 

T-21 

14.2 

12.1 

68.8 

1.5 

T-22 

5.7 

30.3 

70.0 

3.6 

T-23 

5.4 

36.2 

83.6 

5.9 

T-24 

42.5 

13.3 

21.8 

1.6 

T-25 

49.9 

47.8 

11.0 

1.6 

T-26 

28.2 

34.2 

36.8 

2.1 

T-27 

12.3 

3.1 

24.7 

<0 

T-28 

13.1 

1.4 

18.7 

0.4 

T-29 

48.2 

4.1 

35.1 

0.8 

T-30 

62.4 

4.6 

52.5 

1.5 

T-31 

45.8 

3.1 

29.9 

0.8 

T-32 

22.7 

3.0 

40.7 

<0 

T-33 

18.9 

12.3 

71.1 

1.4 

T-34 

12.4 

39.0 

61.6 

3.8 

T-35 

22.3 

31.2 

76.5 

3-8 

T-36 

32.1 

22.0 

57.9 

3.2 

T-37 

20.4 

17.3 

43.6 

3-2 

Table  47 
Sheet  3  of 


Plant  Tissue  Analysis  (continued) 


Sample 

Cu 

Fe 

Cd 

Pb 

As 

No. 

ppm 

ppm 

ppm 

ppm 

ppm 

T-1 

<0 

147-9 

<0 

1.1 

<0 

T-2 

<0 

113.5 

<0 

<0 

<€- 

T-3 

<0 

86.3 

<0 

<0 

2.3 

T-4 

<0 

285.2 

<0 

<0 

3.5 

T-5 

<0 

157.7 

<0 

<0 

0.7 

T-6 

<0 

82.8 

<0 

<0 

0.6 

T-7 

<0 

110.0 

<0 

<0 

5.9 

T-8 

<0 

106.3 

<0 

<0 

0.8 

T-9 

<0 

107.6 

<0 

<0 

3.9 

T-10 

<0 

143.0 

<0 

<0 

<0 

T-1 1 

<0 

121.6 

<0 

<0 

.1 

T-12 

<0 

2258.5 

<0 

<0 

1.9 

T-13 

<0 

165.2 

<0 

<0 

<0 

T-14 

<0 

119.9 

<0 

<0 

<0 

T-1 5 

<0 

170.9 

<0 

<0 

4.4 

T-16 

<0 

248.7 

<0 

<0 

.8 

T-17 

<0 

161.3 

<0 

<0 

.3 

T-1 8 

<0 

128.5 

<0 

<0 

.2 

T-1 9 

<0 

109.0 

<0 

<0 

1.5 

T-20 

<0 

172.7 

<0 

<0 

<0 

T-21 

<0 

201.7 

<0 

<0 

1.3 

T-22 

<0 

99.2 

<0 

<0 

<0 

T-23 

<0 

113.7 

<0 

<0 

<0 

T-24 

<0 

68.6 

<0 

0.8 

1.9 

T-25 

<0 

86.1 

<0 

<0 

1.6 

T-26 

<0 

167.M 

<0 

<0 

3.8 

T-27 

<0 

72.8 

<0 

<0 

<0 

T-28 

<0 

97.6 

<0 

<0 

<0 

T-29 

<0 

162.7 

<0 

<0 

2.2 

T-30 

<0 

116.1 

<0 

<0 

<0 

T-31 

<0 

71.4 

<0 

<0 

<0 

T-32 

<0 

109.1 

<0 

<0 

0.4 

T-33 

<0 

82.7 

<0 

<0 

1.9 

T-3U 

<0 

203.5 

<0 

<0 

<0 

T-35 

<0 

113.9 

<0 

<0 

<0 

T-36 

<0 

117.9 

<0 

<0 

<0 

T-37 

<0 

88.6 

<0 

<0 

.2 

Table  48 


Comparisons  of  Plant  Tissue  Analysis  with  Other  Data 


Plant 

Mean  of  37 

Bauer 's 

Nutrient 

Samples 

Data* 

?% 

0.43 

0.41 

0.05 

EC% 

2.74 

0.51 

2.39 

Ca% 

0.39 

0.05 

0.28 

Mg% 

0.49 

0.19 

0.16 

Zn  ppm 

30.93 

48 

12 

Al  ppm 

114.64 

90 

173 

B  ppm 

18.88 

3 

44 

Mn  ppm 

50.46 

69 

62 

Pb  ppm 

0.08 

NA 

NA 

As  ppm 

1.09 

NA 

NA 

Mo  ppm 

2.05 

11 

11 

Fe  ppm 

188.37 

138 

397 

Cu  ppm 

0 

2 

11 

*  Data  for  wheat;  First  number  for  grain  and  second  number  for 
straw.  Bauer  et.al  1976  Physical,  Chemical  and  Biological  Aspects 
of  Strip-Mined  Lands  in  Western  North  Dakota. Final  Report  to  Old 
West  Regional  Comm.  Nov.  1976,  605  p. 


Table  49 


Correlation  Coefficients  for  Plant  Tissue  Analysis 


Dry  Weight         Correlation  Coefficient  of 

Vs.  Coefficient  (R)        Determination  (R  ) 


?%  0.557  **  0.310 

K%  0.294  NS  0.086 

Ca%  0.621  **  0.386 

Mg%  -0. 174  NS  0.030 

Na  ppm  -0.370  *  0.137 

Zn  ppm  0.305  NS  0.093 

B  ppm  -0.370  *  0.137 

Mn  ppm  -0.425  **  0.181 

Pb  ppm  0.244  NS  0.060 

As  ppm  -0.278  NS  0.077 

Mo  ppm  -0.435  **  0.189 

Fe  ppm  -0.128  NS  0.016 

Al  ppm  -0.185  NS  0.034 

Cu  ppm  ND  ND 

Cd  ppm  ND  ND 


ND  =  not  detected. 
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